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LINOLEATE ISOMERASE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional 
Application Serial No. 60/141,798, filed June 30, 1999. The entire disclosure of U.S. 
Provisional Application Serial No. 60/141,798 is incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to an isolated (/rans,c*s)-10,12-linoleate isomerase 
enzyme, to a nucleic acid molecule encoding a {trans, cis)- 1 0, 1 2-linoleate isomerase enzyme, 
to immobilized cells containing a linoleate isomerase enzyme, to an immobilized {trans, cis)- 
10,1 2-linoleate isomerase enzyme, and to a method for converting linoleic acid or linolenic 
acid to CLA or derivatives thereof using the isolated linoleate isomerase enzyme, nucleic 
acid molecule and/or immobilized cells. 

BACKGROUND OF THE INVENTION 

The term "CLA" is used herein as a generic term to describe both conjugated linoleic 
acid and conjugated linolenic acid. The CLA compounds (cis,trans)-9,l 1 -linoleic acid and 
(trans,cis)- 10,1 2-linoleic acid are recognized nutritional supplements and effective inhibitors 
of epidermal carcinogenesis and forestomach neoplasia in mice, and of carcinogen-induced 
rat mammary tumors. CLA has also been shown to prevent adverse effects caused by 
immune stimulation in chicks, mice and rats, and has been shown to decrease the ratio of low 
density lipoprotein cholesterol to high density lipoprotein cholesterol in rabbits fed an 
atherogenic diet. CLA also reduces body fat in mouse, rat, chick and pig models. CLA has 
also been shown to be effective in treating skin lesions when included in the diet. 

CLA occurs naturally in various amounts in virtually all foods. The principle natural 
sources of CLA are dairy products, beef and foods derived from ruminant animals. In the 
U.S., beef, beef tallow, veal, lamb (3-4 mg CLA/g fat; 84% cis-9, trans-11) and dairy 
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products (3-7 mg CLA/g fat; 80-90% cis-9, trans- 1 1 ) have the highest concentration of CLA. 
CLA concentrations 2-3 times higher are found in Australian dairy products and pasture- fed 
beefandlamb. Very low concentrations of CLA (0.1-0.7 mgCLA/gfat; ca. 40% each cis-9, 
trans- 1 1 and trans- 10, cis-12) are found in commercial vegetable oils. 

CLA is a normal intermediate of linoleic acid metabolism. In cows, (cis,trans)-9, 1 1 - 
CLA produced by natural bacterial flora that is not further metabolized is incorporated into 
lipids and then into host tissues and milk. Animals take up and incorporate CLA into normal 
tissue and milk from dietary sources such as milk, milk products or meat containing CLA, 
or from CLA dietary supplements. 

CLA can be synthetically obtained from alkaline isomerization of linoleic or linolenic 
acid, or of vegetable oils which contain linoleic acid, linolenic acid or their derivatives. 
Heating vegetable oil at about 180°C under alkaline conditions catalyzes two reactions: (1) 
fatty acid ester bonds from the triglyceride lipid backbone are hydrolyzed, producing free 
fatty acids; and (2) unconjugated unsaturated fatty acids with two or more appropriate double 
bonds are conjugated. Commercial CLA oils available at the present time, typically made 
from sunflower oil, are sold without further purification. They contain a mixture of CLA 
isomers as well as other saturated and unsaturated fatty acids. Generally, chemical synthesis 
produces about 20-35% (cis,trans)-9,l 1-CLA and about 20-35% (trans,cis)-l 0,12-CLA, and 
the balance as a variety of other isomers. The presence of the non-active, non-natural 
isomers introduces the need to purify (cis,trans)-9, 1 1 -CLA and/or (trans,cis)- 1 0, 1 2-CLA, or 
to demonstrate the safety and seek regulatory approval of these non-beneficial, non-natural 
isomers for human use. It is not feasible economically, however, to isolate single isomers 
of CLA from the CLA made by alkaline isomerization. Using a fractional crystallization 
procedure, it is possible to enrich 9,1 1-CLA relative to 10,12-CLA and vice versa. U.S. 
Patent No. 6,015,833, issued January 18, 2000, to Saeb0 et al. describes the chemical 
production of CLA compositions from seed oils with a total CLA content of at least 50%, 
and with less than 1% contaminating octadecadienoic acid isomers. Another approach, 
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described in WO 97/18320 to Loders Croklaan B.V. uses lipases to selectively esterify 
1 0, 1 2-CLA and thus enrich the 9, 1 1 -CL A fraction. The above-described methods, however, 
do not typically allow for the production of high purity, single isomer CLA, and if single 
isomer production is achieved on a large scale level, such a process is expected to be 
expensive. 

One method of overcoming the shortcomings of chemical transformation is a whole 
cell transformation or an enzymatic transformation of linoleic acid, linolenic acid or their 
derivatives to CLA. It is well known that a biological system can be an effective alternative 
to chemical synthesis in producing a desired chemical compound where such a biological 
system is available. The existence of linoleate isomerase enzyme to convert linoleic acid to 
CLA has been known for over thirty years, however, no one has yet successfully isolated the 
enzyme. And because it has not yet been isolated, the linoleate isomerase enzyme has not 
been sequenced. 

In many microorganisms, the linoleate isomerase enzyme converts linoleic acid to 
CLA as an intermediate in the biohydrogenation step. Kepler and Tove have identified this 
enzyme in Butyrivibrio fibrisolvens (Kepler and Tove, J. Biol. Chem., 1966, 241, 1350). 
However, they could not solubilize the enzyme; i.e., they were unable to isolate the enzyme 
in any significantly pure form (Kepler and Tove, J. Biol. Chem., 1967, 242, 5686). In 
addition, earlier studies have indicated that only compounds which possess a free carboxyl 
group and a cis-9, cis-12 double bond moieties are isomerized by linoleate isomerase. See 
Kepler and Tove, Methods in Enzymology, 1969, 14, 105-109, and Kepler et al, J. Biol 
Chem., 1970, 245,3612. 

Another research group, Park and colleagues, published an article in J. Food Science 
Nutrition (Vol. 1 : 244-25 1 , 1 996), describing the purification of a protein which Park et al. 
believed to be the Butyrivibrio fibrisolvens linoleate isomerase. However, based on the 
initial characterization of the enzyme's activity by Kepler and Tove (see above) and the 
present inventors' purification, sequencing and characterization of three demonstrated 
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linoleate isomerases, the present inventors believe that it is very unlikely that the protein that 
was purified and described by Park et al. is actually a linoleate isomerase. More particularly, 
it is well established in the art that for successful purification of particulate enzymes, such 
enzymes must first be converted into a soluble form. Although Park et al. demonstrate that 
ihzButyrivibriofibrisolvens linoleic acid isomerase is membrape bound, Park et al. describe 
no such solubilization of the enzyme. Instead, an isolated protein pellet was simply 
resuspended in phosphate buffer, a procedure that will generally not solubilize any 
membrane protein, and therefore raises significant doubts about the described purification, 
particularly in view of previously described purification attempts by Kepler and Tove (J. 
Biol Chem. 242:5686-5692, 1967). Indeed, as discussed above, Kepler and Tove had 
described their extensive but unsuccessful efforts using well accepted solubilization methods 
(e.g., chelators, organic solvents, high salt, detergents) to attempt to solubilize the isomerase. 
Furthermore, in contrast to the 19 kD molecular weight of the putative isomerase that was 
eventually reported by Park et al., the main isomerase activity eluted quite early from the 
column during purification, indicating an apparent molecular weight of several hundred kD, 
and not 19 kD. When this initial material was applied to a phenyl sepharose 4B column, 
multiple broad peaks of activity were observed. This is not typical, and again indicates that 
the isomerase preparation was heterogeneous, had not been solubilized properly, and was 
undoubtedly associated with other membrane proteins. One of these activity peaks was then 
applied to a Superose 6 gel filtration column, yielding a single 19 kD band on gel 
electrophoresis. Finally, this sample was assayed by Park et al. for isomerase activity using 
HPLC, which is not appropriate for detection of CLA, since it does not resolve the various 
positional isomers. The retention time shown for the standard CLA was significantly 
different than the retention time for the putative CLA formed from linoleic acid using the 1 9 
kD putative linoleate isomerase, and should have lead Park et al to the firm conclusion that 
the peak was not CLA, but something else. Therefore, the present inventors believe that the 
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data presented by Park et al. does not support the conclusion that a linoleate isomerase had 
been purified. 

Therefore, there remains a need for purifying and identifying a linoleate isomerase 
enzyme and/or producing one by recombinant techniques. There also remains a need for 
finding and identifying an linoleate isomerase enzyme which jioes not require presence of 
a free carboxylic acid group in the fatty acid for isomerization. In addition, there remains 
a need for a method for producing CLA utilizing whole cells or isolated linoleate isomerase 
enzyme. 

SUMMARY OF THE INVENTION 

The present invention generally relates to isolated linoleate isomerase nucleic acid 
molecules, isolated linoleate isomerase proteins, immobilized bacterial cells having a genetic 
modification that increases the action of linoleate isomerase, and methods of using such 
nucleic acid molecules, proteins and cells to produce CLA. 

One embodiment of the invention relates to an isolated 10,12-linoleate isomerase. 
Included in the invention are linoleate isomerases from Propionibacterium, and particularly, 
from Propionibacterium acnes, Propionibacterium acidipropionici, and Propionibacterium 
freudenreichii. Particularly preferred linoleate isomerases include linoleate isomerases from 
Propionibacterium acnes. In one embodiment, an isolated linoleate isomerase of the present 
invention converts linoleic acid and linolenic acid to CLA, including (trans, cw)-10,12- 
linoleic acid. In one embodiment, the protein has a specific linoleic acid isomerization 
activity of at least about 1 0 nmoles CLA mg" 1 min' 1 . 

One embodiment of the present invention relates to an isolated protein, comprising 
an amino acid sequence selected from the group of: (a) an amino acid sequence selected from 
the group of SEQ ID NO:42 and SEQ ID NO:61; and, (b) a homologue of the amino acid 
sequence of (a), wherein the homologue is at least about 35% identical to SEQ ID NO:61 
over at least about 170 contiguous amino acids of SEQ ED NO:61. In this embodiment, the 
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protein 10,12-linoleate isomerase enzymatic activity. In one embodiment, the protein is 
encoded by a nucleic acid molecule comprising a nucleic acid sequence that hybridizes under 
low, moderate, or high stringency hybridization conditions to the complement of SEQ ID 
NO:60. In another embodiment, the protein comprises an amino acid sequence comprising 
at least 15 contiguous amino acids of SEQ ID NO:61, and pore preferably, at least 30 
contiguous amino acids of SEQ ID NO:61, and even more preferably, at least 45 contiguous 
amino acids of SEQ ID NO:6L In one embodiment, the protein is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence comprising at least 24 contiguous nucleotides 
of SEQ ID NO:60. In a preferred embodiment, the protein is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence selected from the group consisting of SEQ ID 
NO:59 and SEQ ID NO:60, with SEQ ID NO:60 being most preferred. In another preferred 
embodiment, the protein comprises an amino acid sequence selected from the group 
consisting of SEQ ID NO:42 and SEQ IDNO:61, with SEQ ID NO:61 being most preferred. 
In another embodiment, the protein comprises an amino acid sequence that aligns with SEQ 
ID NO: 73 using Martinez/Needleman-Wunsch DNA alignment method with a minimum 
match of 9, a gap penalty of 1.10 and a gap length penalty of 0.33, wherein amino acid 
residues in the amino acid sequence align with at least about 70%, and in another 
embodiment, with at least about 90%, of non-Xaa residues in SEQ ID NO:73. 

In one embodiment, the protein is a soluble enzyme. In another embodiment, the 
protein comprises a leader sequence which causes insertion of the protein into the membrane 
of a cell which expresses the protein. In one embodiment, the linoleate isomerase is bound 
to a solid support, which includes, but is not limited to artificial membranes, organic 
supports, biopolymer supports and inorganic supports. 

Another embodiment of the present invention relates to an isolated antibody that 
selectively binds to the isolated linoleate isomerase of the present invention. 

Yet another embodiment of the present invention relates to a method for producing 
CLA or derivatives thereof, including contacting an oil, which comprises a compound 
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selected from the group of linoleic acid, linolenic acid, and/or derivatives thereof, with an 
isolated linoleate isomerase enzyme of the present invention to convert at least a portion of 
the compound to CLA or derivatives thereof (e.g., when the substrate is a derivative). In one 
embodiment, the compound is in the form of a triglyceride and the method further includes 
5 contacting the oil with a hydrolysis enzyme to convert at least, a portion of the triglyceride 
to free fatty acids. Such a hydrolysis enzyme can include lipases, phospholipases and 
esterases. The method of the present invention can also include a step of recovering the 
CLA. The CLA is preferably (trans, cis)- 1 0, 1 2-linoleic acid. The oil can include, but is not 
limited to, sunflower oil, safflower oil, corn oil, linseed oil, palm oil, rapeseed oil, sardine 

10 oil, herring oil, mustard seed oil, peanut oil, sesame oil, perilla oil, cottonseed oil, soybean 
oil, dehydrated castor oil and walnut oil. In one embodiment of the method, the linoleate 
isomerase enzyme is bound to a solid support, which can include organic supports, 
biopolymer supports and inorganic supports. 

Another embodiment of the present invention relates to an isolated nucleic acid 

15 molecule comprising a nucleic acid sequence selected from the group of: (a) a nucleic acid 
sequence encoding a protein having 10,12-linoleate isomerase enzymatic activity, wherein 
the protein comprises an amino acid sequence selected from the group consisting of SEQ ID 
NO:42 and SEQ ID NO:61; (b) a nucleic acid sequence encoding a homologue of a protein 
of (a), wherein the homologue has 1 0, 1 2-linoleate isomerase enzymatic activity, and wherein 

20 the homologue is at least about 35% identical to SEQ ID NO:61 over at least about 170 
contiguous amino acids of SEQ ED NO:61; and/or, (c) a nucleic acid sequence that is fully 
complementary to any of the nucleic acid sequences of (a) or (b). In one embodiment, the 
nucleic acid sequence of (b) hybridizes under low, moderate, or high stringency 
hybridization conditions to the complement of SEQ ID NO:60. 

25 In another embodiment, the homologue comprises at least 1 5 contiguous amino acids 

of SEQ ID NO:61, and more preferably, at least 30 contiguous amino acids of SEQ ID 
NO:61, and even more preferably, at least 45 contiguous amino acids of SEQ ID NO:61. In 
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another embodiment, the nucleic acid sequence of (b) comprises at least 24 contiguous 
nucleotides of SEQ ID NO:60. The nucleic acid molecule preferably comprises a nucleic 
acid sequence selected from the group of SEQ ID NO:59 and SEQ ID NO:60, with SEQ ID 
NO:60 being most preferred. Preferably, the nucleic acid molecule comprises a nucleic acid 
sequence encoding an amino acid sequence selected from the group of SEQ ID NO:42 and 
SEQ ID NO:61, with SEQ ID NO:61 being most preferred. 

The isolate nucleic acid molecule of the present invention includes linoleate 
isomerase nucleic acid molecules from microorganisms including, but not limited to, 
Propionibacterium, with Propionibacterium acnes, Propionibacterium acidipropionici, and 
Propionibacterium freudenreichii being particularly preferred. Most preferred linoleate 
isomerase nucleic acid molecules are from Propionibacterium acnes. 

Also included in the present invention are recombinant molecules, recombinant 
viruses and recombinant cells which include an isolated nucleic acid molecule of the present 
invention. In one embodiment, as recombinant cell of the present invention is from a 
microorganism which includes, but is not limited to, Propionibacterium acnes, 
Propionibacterium freudenreichii, Propionibacterium acidipropionici, Escherichia coli, 
Bacillus subtilis, or Bacillus licheniformis, with Escherichia coli, Bacillus subtilis and 
Bacillus licheniformis being most preferred. 

Yet another embodiment of the present invention relates to a method to produce 
linoleate isomerase, comprising culturing a recombinant cell transfected with an isolated 
nucleic acid molecule encoding linoleate isomerase. 

Another embodiment of the present invention relates to a method for producing CLA 
or derivatives thereof, including contacting an oil which comprises a compound selected 
from the group of linoleic acid, linolenic acid, and/or derivatives thereof, with an isolated 
linoleate isomerase enzyme encoded by the isolated nucleic acid molecule of the present 
invention to convert at least a portion of the compound to CLA and/or a derivative thereof. 
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Yet another embodiment of the present invention relates to an immobilized cell 
having a genetic modification that increases the action of linoleate isomerase. The cell can 
be any cell, including immobilized bacterial, fungal (e.g., yeast), microalgal, insect, plant or 
mammalian cells. In one embodiment, the cell is a microorganism which includes, but is not 
limited to Propionibacterium, Escherichia, Bacillus or yeast cf lis. In one embodiment, the 
genetic modification results in overexpression of linoleate isomerase by the cell. The genetic 
modification can result in at least one amino acid modification selected from the group 
consisting of deletion, insertion, inversion, substitution and derivatization of at least one 
amino acid residue of the linoleate isomerase, wherein such modification results in increased 
linoleate isomerase action, reduced substrate inhibition, and/or reduced product inhibition. 
In another embodiment, the genetic modification includes transfection of the cell with a 
recombinant nucleic acid molecule encoding a linoleate isomerase of the present invention, 
wherein the recombinant nucleic acid molecule is operatively linked to a transcription control 
sequence. The recombinant nucleic acid molecule can include any of the isolated nucleic 
acid molecules described above, including a nucleic acid sequence encoding a homologue 
of linoleate isomerase. 

In one embodiment, the recombinant nucleic acid molecule is integrated into the 
genome of the cell. In another embodiment, the recombinant nucleic acid molecule is a 
plasmid transformed/transfected into a cell. In another embodiment, the recombinant nucleic 
acid molecule encoding linoleate isomerase comprises a genetic modification which 
increases the action of the linoleate isomerase and in another embodiment, the genetic 
modification reduces substrate and/or product inhibition of the linoleate isomerase. 

In another embodiment, an immobilized cell of the present invention can be lysed. 
The cell can be immobilized by crosslinking with a Afunctional or multifunctional 
crosslinking agent, including, but not limited to glutaraidehyde. 

Yet another embodiment of the present invention relates to a method for producing 
CLA or a derivative thereof, including contacting an oil which includes a fatty acid selected 
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from the group of linoleic acid, linolenic acid, and derivatives thereof with an immobilized 
cell having a linoleate isomerase, to convert at least a portion of the compound to CLA or 
a derivative thereof. Such cells are described above. The cell can be a naturally occurring 
bacterial cell having a linoleate isomerase, or a genetically modified cell, such as a 
genetically modified microorganism, as described above. Preferably, a genetically modified 
cell has increased linoleate isomerase action. The fatty acid can include fatty acids in the 
form of a triglyceride such that at least a portion of the triglycerides are converted to free 
fatty acids. Other features of the method are as described above in the method to produce 
CLA. 

Another embodiment of the present invention relates to an isolated lipase-like protein. 
Such a protein comprises an amino acid sequence selected from the group of: (a) SEQ ID 
NO:64; and, (b) a homologue of SEQ ID NO:64, wherein the homologue is at least about 
35% identical to SEQ ID NO:64. In one embodiment, the protein is encoded by a nucleic 
acid molecule comprising a nucleic acid sequence that hybridizes under moderate or high 
stringency conditions to the complement of SEQ ID NO: 63. In another embodiment, the 
protein is encoded by a nucleic acid sequence comprising at least 24 contiguous nucleotides 
of SEQ ED NO:63, and more preferably, the protein is encoded by a nucleic acid molecule 
comprising a nucleic acid sequence represented by SEQ ID NO: 63. In one embodiment, the 
protein comprises amino acid sequence SEQ ID NO:64. In another embodiment, the protein 
comprises an amino acid sequence having an esterase/lipase/thioresterase active site denoted 
by ProfileScan Profile No. PS50187. In yet another embodiment, the protein comprises an 
amino acid sequence having a carboxylesterase type-B active site denoted by ProfileScan 
Profile No. GC0265. Preferably, the protein has lipase enzymatic activity. Also included 
in the present invention is an isolated nucleic acid molecule comprising a nucleic acid 
sequence encoding any of the above-described lipase-like proteins. 

Yet another embodiment of the present invention relates to an isolated 
acetyltransferase-like protein. Such a protein comprises an amino acid sequence selected 
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from the group of: (a) SEQ ID NO:69; and, (b) a homologue of SEQ ID NO:69, wherein the 
homologue is at least about 40% identical to SEQ ID NO:69 over at least about 60 
contiguous amino acid residues of SEQ ED NO:69. In one embodiment, such a protein is 
encoded by a nucleic acid molecule comprising a nucleic acid sequence that hybridizes under 
moderate or high stringency conditions to the complement o£,SEQ ID NO:68. In another 
embodiment, the protein is encoded by a nucleic acid molecule comprising a nucleic acid 
sequence represented by SEQ ID NO:68. In one embodiment, the protein comprises amino 
acid sequence SEQ ID NO:69. In another embodiment, the protein comprises an amino acid 
sequence having an acetyltransferase (GNAT) family profile denoted by ProScan Profile No. 
PF00583. Preferably, the protein has acetyltransferase enzymatic activity. . Also included 
in the present invention is an isolated nucleic acid molecule comprising a nucleic acid 
sequence encoding any of the above-identified acetyltransferase proteins. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 A is a line graph showing whole cell biotransformation of CLA from linoleic 
acid by Clostridium sporogenes ATCC 25762 under aerobic conditions. 

Fig. IB is a line graph showing whole cell biotransformation of CLA from linoleic 
acid by Clostridium sporogenes ATCC 25762 under anaerobic conditions. 

Fig. 2A is a line graph illustrating whole cell biotransformation of CLA from linoleic 
acid by C. bifermentans ATCC 638 under aerobic conditions. 

Fig. 2B is a line graph illustrating whole cell biotransformation of CLA from linoleic 
acid by C. bifermentans ATCC 638 under anaerobic conditions. 

Fig. 3 A is a line graph showing whole cell biotransformation of CLA from linoleic 
acid by Propionibacterium jensenii ATCC 14073. 

Fig. 3B is a line graph showing whole cell biotransformation of CLA from linoleic 
acid by P. acnes ATCC 6919. 
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Fig. 4 is a line graph demonstrating whole cell biotransformation of CLA from 
linoleic acid by P. acidipropionici ATCC 25562. 

Fig. 5 is a line graph illustrating whole cell biotransformation of CLA from linoleic 
acid by L. reuteri PYR8. 

Fig. 6 is a line graph showing DEAE chromatography of detergent solubilized 
isomerase by L. reuteri PYR8. 

Fig. 7 is a line graph demonstrating hydroxyapatite chromatography of isomerase 
activity by L. reuteri PYR8. 

Fig. 8 is a line graph illustrating chromatofocusing of linoleic acid isomerase activity 
by/,, reuteri PYR8. 

Fig. 9 is a schematic illustration of the linoleate isomerase genes and flanking open 
reading frames in Z. reuteri PYR8. 

Fig. 10 is a schematic illustration of the putative transcription terminator in the 
linoleate isomerase gene. ^ 

Fig. 1 1 is an illustration of several constructs for linoleate isomerase expression in 

E. coli. 

Fig. 12 is an illustration of several constructs for linoleate isomerase expression in 
Bacillus, 

Fig. 1 3 is a flow diagram of the experimental protocol for the preparation of different 
protein fractions of E. coli which have expressed recombinant linoleate isomerase. 

Fig. 14 is a line graph showing the formation of translO y cis\2-CLA from linoleic 
acid using whole cells of P. acnes. 

Fig. 15 is a flow diagram showing the cell fractionation protocol for P. acnes ATCC 

6919. 

Fig. 16 is a line graph showing the effect of pH on linoleate isomerase activity in 
crude extracts of P. acnes ATCC 6919. 
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Fig. 17 is a line graph showing the time course of CLA formation in crude extracts 
of P. acnes ATCC 6919. 

Fig. 18 is a line graph showing the time course for the formation of CLA in crude 
extracts of P. acnes ATCC 6919 at different levels of linoleic acid. 

Fig. 19. is a line graph showing end point for formatioq of CLA in crude extracts of 
P. acnes ATCC 6919 at different levels of linoleic acid. 

Fig. 20 is a graph illustrating DEAE ion exchange chromatography of total soluble 
protein from P. acnes ATCC 6919. 

Fig. 21 is a graph illustrating hydrophobic interaction chromatography of total 
soluble protein from P. acnes ATCC 6919. 

Fig. 22 is a graph illustrating chromatofocusing of isomerase activity from P. acnes 
ATCC 6919. 

Fig. 23A is a graph showing a time course of CLA formation by C. sporogenes 
ATCC 25762 under aerobic conditions at room temperature. 

Fig. 23B is a graph showing a time course of CLA formation by C. sporogenes 
ATCC 25762 under anaerobic conditions at room temperature. 

Fig. 23C is a graph showing a time course of CLA formation by C. sporogenes 
ATCC 25762 under aerobic conditions at 37°C. 

Fig. 23D is a graph showing a time course of CLA formation by C. sporogenes 
ATCC 25762 under anaerobic conditions at 37°C. 

Fig. 24 is a flow diagram showing an extraction protocol for C sporogenes ATCC 

25762. 

Fig. 25 is a line graph showing linoleate isomerase optimum pH and temperature in 
C sporogenes ATCC 25762. 

Fig. 26 is a line graph showing optimum linoleic acid concentration for C. 
sporogenes ATCC 25762 linoleate isomerase. 
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Fig. 27 is a graph showing the time course for CLA formation by C sporogenes 
ATCC 25762 linoleate isomerase. 

Fig. 28 is a bar graph illustrating the stability of C. sporogenes ATCC 25762 
linoleate isomerase in Tris and phosphate buffers. 

Fig. 29 is an elution profile of fresh C. sporogenes ATQC 25762 linoleate isomerase 
extracts from DEAE-5PW. 

Fig. 30 is a bar graph demonstrating the effect of culture medium on C sporogenes 
ATCC 25762 growth and linoleate isomerase activity. 

Fig. 31 is a bar graph showing the effect of CaCl 2 on C sporogenes ATCC 25762 
linoleate isomerase activity. 

Fig. 32 is a bar graph showing the effect of chelating agents on C. sporogenes ATCC 

25762. 

Fig. 33 is a bar graph showing the effect of chelating agents on stability of linoleate 
isomerase. 

Fig. 34 is a line graph illustrating the effect of pH on extraction efficiency of linoleate 
isomerase in C sporogenes ATCC 25762. 

Fig. 35 is a line graph demonstrating the half lives of linoleate isomerase in C. 
sporogenes ATCC 25762 versus pH. 

Fig. 36 is a bar graph showing the effect of buffer system on the activity of linoleate 
isomerase in C. sporogenes ATCC 25762. 

Fig. 37 is a line graph illustrating the effect of glycerol and salt concentration on the 
stability of crude extracts of linoleate isomerase in C. sporogenes ATCC 25762. 

Fig. 38 is a line graph showing the stability of detergent solubilized linoleate 
isomerase in C. sporogenes ATCC 25762. 

Fig. 39 is an elution profile of C. sporogenes ATCC 25762 linoleate isomerase on 
DEAE Mono Q. 
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Fig. 40 is an elution profile of C. sporogenes ATCC 25762 detergent solubilized 
linoleate isomerase on DEAE-5PW column. 

Fig. 41 is an elution profile showing separation of partially purified C. sporogenes 
ATCC 25762 linoleate isomerase by chromatofocusing. 

Fig. 42 is a digitized image of a Western blot analysis jn cell lysates prepared from 
different strains of linoleate isomerase using rabbit antibodies specific for the cloned L. 
reuteri PYR8 isomerase. 

Fig. 43 is an absorbence profile showing the time course of isomerization of linoleic 

acid. 

Fig. 44 is a line graph illustrating the effect of pH on isomerization of linoleic acid 
to CLA by C. sporogenes ATCC 25762 linoleate isomerase. 

Fig. 45 is a line graph showing the effect of substrate concentration on the rate of 
linoleic acid isomerization. 

Fig. 46 is a Lineweaver-Burke plot of reaction kinetics of C. sporogenes ATCC 
25762 linoleate isomerase. 

Fig. 47 is a bar graph showing the effect of oleic acid on isomerase activity. 

Fig. 48 is a secondary plot of oleic acid inhibition. 

Fig. 49 is a secondary plot of palmitoleic acid inhibition. 

Fig. 50 is a Lineweaver-Burke plot of linoleic acid isomerization kinetics in the 
presence of absence of oleic acid. 

Fig. 51 is a Hanes-Woolf plot of oleic acid inhibition of linoleic acid. 

Fig. 52 is a schematic illustration of the linoleate isomerase gene and flanking open 
reading frames in P. acnes. 

Fig. 53 is a map of the expression vector pET-PAISOM containing the complete P. 
acnes linoleate isomerase coding sequence. 

Fig. 54 is a digitized image of an SDS-PAGE showing IPTG induction of the 
expression of the recombinant P. acnes linoleate isomerase in E. coli. 
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Fig. 55 is a graph showing the ultraviolet absorbence spectrum of the CLA produced 
by using the recombinant P. acnes linoleate isomerase. 

Fig. 56 A is a graph showing the resolution of CLA isomers using a 100-m SP-2380 
column. 

5 Fig. 56B is a graph showing the CLA produced by usijig the recombinant P. acnes 

linoleate isomerase. 

Fig. 57 is a graph of GC-MS spectrum of the DMOX derivative of the CLA produced 
by the recombinant P. acnes linoleate isomerase. 

Fig. 58 is a sequence alignment showing a putative NAD-binding domain shared by 
10 linoleate isomerases of the present invention and other enzymes. 

DETAILED DESCRIPTION OF THE INVENTION 
One embodiment of the present invention is an isolated linoleate isomerase enzyme. 
According to the present invention, the isolated linoleate isomerase can be used to produce 
conjugated double bonds in fatty acids, in derivatives of fatty acids, and/or in related 

is molecules. More particularly, the isolated linoleate isomerase can be used to produce CLA 
from linoleic acid, linolenic acid or their derivatives (e.g., (cis, cis, cis)-6, 9, 12- 
octadecatrienoic acid (18:3) (y-linolenic acid); (cis, cis, cis, cis)-6, 9, 12, 15 
octadecatetraenoic acid (18:4) (stearidonic acid); (cis, cis)- 1 1, 14 eicosadienoic acid (20:2); 
and methyl esters and branched forms of CLA). More specifically, isolated linoleate 

20 isomerase can convert linoleic acid to conjugated linoleic acid and/or linolenic acid to 
conjugated linolenic acid. The term "conjugated" refers to a molecule which has two or 
more double bonds which alternate with single bonds in an unsaturated compound. Linoleate 
isomerase is a part of a biohydrogenation pathway in microorganisms which convert linoleic 
acid and other unsaturated fatty acids containing a 9,12-diene moiety into a 9,1 1 -conjugated 

25 diene moiety which is then further metabolized to other fatty acids containing a 9-11 
monoene moiety. For example, most linoleate isomerases convert (cis,cis)-9, 1 2-linoleic acid 
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to (cis,trans)-9,l 1 -linoleic acid as an intermediate in the biohydrogenation pathway. In many 
cases, the formation of CLA is followed by metabolism to other CLA isomers as well as 
metabolism to non-CLA compounds, such as a monoene fatty acid. Lactobacillus reuteri, 
however, produces and accumulates CLA as an end product. Other microorganisms such as 
Propionibacterium acnes, produce a linoleate isomerase w^ich converts (cis,cis)-9,12- 
linoleic acid to (trans,cis)-10,12-linoleic acid. According to the present invention, the term 
"CLA" is used herein as a generic term to describe both conjugated linoleic acid and 
conjugated linolenic acid, and the term "CLA-derivative" is used to describe derivatives of 
CLA which are formed from derivatives of linoleic acid or linolenic acid. Such derivatives 
of CLA include, but are not limited to CLA-lipids, CLA-methyl-esters, and branched forms 
of CLA. For example, using derivatives of linoleic acid or linolenic acid as a substrate (e.g., 
(cis, cis, cis)-6, 9, 12-octadecatrienoic acid (18:3) (y -linolenic acid); (cis, cis, cis, cis)-6, 9, 
12, 15 octadecatetraenoic acid (18:4) (stearidonic acid); (cis, cis)-l 1, 14 eicosadienoic acid 
(20:2)), CLA-lipid derivatives can be formed. 

The term "isolated linoleate isomerase" refers to a linoleate isomerase outside of its 
natural environment in a pure enough form to achieve a significant increase in activity over 
crude extracts having linoleate isomerase activity. Such a linoleate isomerase can include, 
but is not limited to, purified linoleate isomerase, recombinantly produced linoleate 
isomerase, membrane bound linoleate isomerase, linoleate isomerase complexed with lipids, 
linoleate isomerase having an artificial membrane, soluble linoleate isomerase and isolated 
linoleate isomerase containing other proteins. An "artificial membrane" refers to any 
membrane-like structure that is not part of the natural membrane which contain linoleate 
isomerase. Isolated linoleate isomerases are described in related U.S. Patent Application 
Serial No. 09/221,014, filed December 23, 1998, incorporated herein by reference in its 
entirety. 

An isolated linoleate isomerase of the present invention can be characterized by its 
specific activity. A "specific activity" refers to the rate of conversion of linoleic acid to CLA 
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by the enzyme. More specifically, it refers to the number of molecules of linoleic acid 
converted to CLA per mg of the enzyme per time unit. Preferably, the isolated linoleate 
isomerase of the present invention has a specific activity of at least about 10 nmoles CLA 
mg" 1 min' 1 , and more preferably at least about 25 nmoles CLA mg* 1 min* 1 , and more 
preferably at least about 100 nmoles CLA mg" 1 min" 1 , and morepreferably at least about 250 
nmoles CLA mg" 1 min 1 , and more preferably at least about 500 nmoles CLA mg' 1 min" 1 , and 
more preferably at least about 1000 nmoles CLA mg* 1 min* 1 , and even more preferably at 
least about 10,000 nmoles CLA mg" 1 min" 1 . 

Another way to characterize the isolated linoleate isomerase is by its Michaelis- 
Menten constant (K^). K m is a kinetic (i.e., rate) constant of the enzyme-linoleic acid 
complex under conditions of the steady state. For example, an isolated linoleate isomerase 
from Lactobacillus reuteri has a for linoleic acid of at least about 8.1 ^iM at a pH of about 
7.5 and at a temperature of about 20°C. An isolated linoleate isomerase from Clostridium 
sporogenes has a for linoleic acid of at least about 1 1 .3 |iM at a pH of about 7.5 and at 
a temperature of about 20°C. An isolated linoleate isomerase from Propionibacterium acnes 
has a for linoleic acid of at least about 17.2 ^iM at a pH of about 7.5 and at a temperature 
of about 20°C. 

Yet another way to characterize the linoleate isomerase is by oleic acid inhibition rate 
constant (Kj). Specifically, K { is a dissociation rate of the oleic acid-enzyme complex. For 
example, an isolated (cis, trans)-9,l 1 -linoleate isomerase of the present invention has a Kj 
of from about 20 [iM to about 100 \iM at a pH of about 7.5 and at a temperature of about 
20°C, and more preferably, from about 50 [iM to about 100 [iM, and even more preferably, 
greater than 100 [iM, with no inhibition being most preferred. 

Still another way to characterize the isolated linoleate isomerase is by its initial 
velocity (v 0 ), i.e., initial rate of product formation. The initial velocity (v 0 ) refers to the 
initial conversion rate of linoleic acid to CLA by the enzyme. Specifically, it refers to the 
number of molecules of linoleic acid converted to CLA per mg of the enzyme per time unit. 
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For example, the maximum initial velocity rate of an isolated 9, 1 1 -linoleate isomerase, such 
as an isolated linoleate isomerase from Lactobacillus reuteri or Clostridium sporogenes, at 
a pH of about 7.5 is at least about 100 nmoles/min/mg of protein, more preferably at least 
about 1,000 nmoles/min/mg of protein, and most preferably at least about 10,000 
nmoles/min/mg of protein. The maximum initial velocity rate 9f an isolated 1 0,12-linoleate 
isomerase, such as an isolated linoleate isomerase from Propionibacterium acnes, at a pH 
of about 7.3 is at least about 100 nmoles/min/mg of protein, more preferably at least about 
1 ,000 nmoles/min/mg of protein, and most preferably at least about 1 0,000 nmoles/min/mg 
of protein. 

The isolated linoleate isomerase can be further characterized by its optimum pH. The 
optimum pH refers to the pH at which the linoleate isomerase has a maximum initial 
velocity. Preferably the optimum pH is between about 5 and about 10, more preferably 
between about 6 and about 8,* and most preferably from about 6.8 to about 7.5. The pH 
optimum for a linoleate isomerase from P. acnes is about 6.8 to about 7.3 and most 
preferably, about 7.3. 

Further embodiments of the isolated linoleate isomerase of the present invention 
include proteins which are encoded by any of the nucleic acid molecules which are described 
below. As used herein, reference to an isolated linoleate isomerase includes frill-length 
linoleate isomerase proteins, fusion proteins, or any homologue of such a protein. According 
to the present invention, a homologue of a linoleate isomerase protein includes linoleate 
isomerase proteins in which at least one or a few, but not limited to one or a few, amino acids 
have been deleted (e.g., a truncated version of the protein, such as a peptide or fragment), 
inserted, inverted, substituted and/or derivatized (e.g., by glycosylation, phosphorylation, 
acetylation, myristoylation, prenylation, palmitation, amidation and/or addition of 
glycosylphosphatidyl inositol). A linoleate isomerase protein homologue includes proteins 
having an amino acid sequence comprising at least 1 5 contiguous amino acid residues (i.e., 
1 5 contiguous amino acid residues having 1 00% identity with), and preferably 30 contiguous 
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amino acid residues of SEQ ID NO:42 or SEQ ID NO:61. In a preferred embodiment, a 
homologue of a linoleate isomerase amino acid sequence includes amino acid sequences 
comprising at least 45, and more preferably, at least 60, and more preferably at least 120, and 
even more preferably, at least 240, contiguous amino acid residues of SEQ ID NO:61. A 
linoleate isomerase protein homologue includes proteins encoded by a nucleic acid sequence 
comprising at least 24, and preferably at least 45, and more preferably at least 90, and more 
preferably at least 180, and more preferably at least 360, and even more preferably at least 
720, contiguous nucleotides of SEQ ID NO:60. In a preferred embodiment, a linoleate 
isomerase protein homologue has measurable linoleate isomerase enzymatic activity (i.e., 
has biological activity). Methods of detecting and measuring linoleate isomerase biological 
activity are described in detail in the Examples section. In another embodiment, a linoleate 
isomerase homologue may or may not have measurable linoleate isomerase enzymatic 
activity, but is used for the preparation of antibodies or the development of oligonucleotides 
useful for identifying other linoleate isomerases. 

According to the present invention, the term "contiguous" or "consecutive", with 
regard to nucleic acid or amino acid sequences described herein, means to be connected in 
an unbroken sequence. For example, for a first sequence to comprise 15 contiguous (or 
consecutive) amino acids of a second sequence, means that the first sequence includes an 
unbroken sequence of 1 5 amino acid residues that is 1 00% identical to an unbroken sequence 
of 15 amino acid residues in the second sequence. Similarly, for a first sequence to have 
"100% identity" with a second sequence means that the first sequence exactly matches the 
second sequence with no gaps between nucleotides or amino acids. 

In one embodiment, a linoleate isomerase protein homologue comprises an amino 
acid sequence that is at least about 35% identical to SEQ ID NO:61 over at least about 170 
contiguous amino acids of SEQ ID NO:61. Preferably, a linoleate isomerase protein 
homologue comprises an amino acid sequence that is at least about 45%, and more 
preferably, at least about 55%, and more preferably, at least about 65%, and more preferably 
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at least about 75%, and more preferably at least about 85%, and even more preferably at least 
about 95% identical to SEQ ID NO:61 over at least about 170 amino acids of SEQ ID 
NO:61, and more preferably over at least about 200 amino acids, and more preferably over 
at least about 250 amino. acids, and more preferably over at least about 300 amino acids, and 
more preferably over at least about 350 amino acids, and even jnore preferably over at least 
about 400 amino acids of SEQ ID NO:61. As discussed above, such a linoleate isomerase 
protein homologue preferably has linoleate isomerase enzymatic activity (i.e., (trans,cis)- 
1 0, 1 2-linoleate isomerase enzymatic activity). According to the present invention, the terms 
"(trans, cis)- 1 0, 1 2-linoleate isomerase activity" and "10,1 2-linoleate isomerase activity" can 
be used interchangeably. 

As used herein, unless otherwise specified, reference to a percent (%) identity refers 
to an evaluation of homology which is performed using: (1) a BLAST 2.0 Basic BLAST 
homology search ( http://\v^\w.ncbi.nlm.nih.gov/BLAST) using blastp for amino acid 
searches and blastn for nucleic acid searches with standard default parameters, wherein the 
query sequence is filtered for low complexity regions by default (described in Altschul, S.F., 
Madden, T.L., Schaaffer, A. A., Zhang, J., Zhang, Z., Miller, W. & Lipman, DJ. (1997) 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search programs.' 1 
Nucleic Acids Res. 25:3389-3402, incorporated herein by reference in its entirety); (2) a 
BLAST 2 alignment (using the parameters described below) 
( httn://ww^.ncbi>nlm>nih.gov/BLAST) : or (3) both BLAST 2.0 and BLAST 2. It is noted 
that due to some differences in the standard parameters between BLAST 2.0 Basic BLAST 
and BLAST 2, two specific sequences might be recognized as having significant homology 
using the BLAST 2 program, whereas a search performed in BLAST 2.0 Basic BLAST using 
one of the sequences as the query sequence may not identify the second sequence in the top 
matches. Therefore, it is to be understood that percent identity can be determined by using 
either one or both of these programs. 
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Two specific sequences can be aligned to one another using BLAST 2 sequence as 
described in Tatusova and Madden, (1999), "Blast 2 sequences - a new tool for comparing 
protein and nucleotide sequences", FEMS Microbiol Lett. 1 74:247-250, incorporated herein 
by reference in its entirety. BLAST 2 sequence alignment is performed in blastp or blastn 
using the BLAST 2.0 algorithm to perform a Gapped BLAST ^earch (BLAST 2.0) between 
the two sequences allowing for the introduction of gaps (deletions and insertions) in the 
resulting alignment. For purposes of clarity herein, a BLAST 2 sequence alignment is 
performed using the standard default parameters as follows. 
For blastn, using 0 BLOSUM62 matrix: 

Reward for match = 1 

Penalty for mismatch = -2 

Open gap (5) and extension gap (2) penalties 

gap xjiropoff (50) expect (10) word size (11) filter (on) 
For blastp, using 0 BLOSUM62 matrix: 

Open gap (11) and extension gap (1) penalties 

gap x_dropoff (50) expect (10) word size (3) filter (on) 

In some embodiments, as indicated, to align and calculate the percent identity 
between two amino acid sequences, the Martinez/Needleman-Wunsch DNA alignment 
method is used. This method is provided by the Lasergene MegAlign, a module within the 
DNASTAR program (DNASTAR, Inc., Madison, Wisconsin), and the standard default 
parameters are used as follows: 

(1) Minimum match = 9; 

(2) Gap penalty = 1.10; 

(3) Gap length penalty = 0.33. 

In another embodiment, a linoleate isomerase, including a linoleate isomerase 
homologue, includes a protein having an amino acid sequence that is sufficiently similar to 
a natural linoleate isomerase amino acid sequence that a nucleic acid sequence encoding the 
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homologue is capable of hybridizing under low, moderate or high stringency conditions 
(described below) to (i.e., with) a nucleic acid molecule encoding the natural linoleate 
isomerase (i.e., to the complement of the nucleic acid strand encoding the natural linoleate 
isomerase amino acid sequence). Preferably, a homologue of a linoleate isomerase protein 
is encoded by a nucleic acid molecule comprising a nucleic apid sequence that hybridizes 
under low, moderate, or high stringency conditions to the complement of a nucleic acid 
sequence that encodes a protein comprising an amino acid sequence represented by SEQ ID 
NO:42 or SEQ ID NO:61. Even more preferably, a homologue of a linoleate isomerase 
protein is encoded by a nucleic acid molecule comprising a nucleic acid sequence that 
hybridizes under low, moderate, or high stringency conditions to the complement of SEQ ID 
NO:60. Such hybridization conditions are described in detail below. A nucleic acid 
sequence complement of nucleic acid sequence encoding a linoleate isomerase of the present 
invention refers to the nucleic acid sequence of the nucleic acid strand that is complementary 
to (i.e., can form a complete double helix with) the strand for which the nucleic acid 
sequence encodes linoleate isomerase. It will be appreciated that a double stranded DNA 
which encodes a given amino acid sequence comprises a single strand DNA and its 
complementary strand having a sequence that is a complement to the single strand DNA. As 
such, nucleic acid molecules of the present invention can be either double-stranded or single- 
stranded, and include those nucleic acid molecules that form stable hybrids under stringent 
hybridization conditions with a nucleic acid sequence that encodes the amino acid sequence 
selected from the group consisting of SEQ ID NO:42 or SEQ ID NO:61, and/or with the 
complement of the nucleic acid that encodes amino acid sequence selected from the group 
of SEQ ID NO:42 or SEQ ID NO:61. Methods to deduce a complementary sequence are 
known to those skilled in the art. It should be noted that since amino acid sequencing and 
nucleic acid sequencing technologies are not entirely error- free, the sequences presented 
herein, at best, represent apparent sequences of linoleate isomerase of the present invention. 
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Linoleate isomerase homologues can be the result of natural allelic variation or 
natural mutation. Linoleate isomerase homologues of the present invention can also be 
produced using techniques known in the art including, but not limited to, direct modifications 
to the protein or modifications to the gene encoding the protein using, for example, classic 
or recombinant DNA techniques to effect random or targeted mutagenesis. A naturally 
occurring allelic variant of a nucleic acid encoding linoleate isomerase is a gene that occurs 
at essentially the same locus (or loci) in the genome as the gene which encodes an amino acid 
sequence selected from the group consisting of SEQ ID NO:42 or SEQ ID NO:61 , but which, 
due to natural variations caused by, for example, mutation or recombination, has a similar 
but not identical sequence. Natural allelic variants typically encode proteins having similar 
activity to that of the protein encoded by the gene to which they are being compared. One 
class of allelic variants can encode the same protein but have different nucleic acid sequences 
due to the degeneracy of the genetic code. Allelic variants can also comprise alterations in 
the 5' or 3' untranslated regions of the gene (e.g., in regulatory control regions). Allelic 
variants are well known to those skilled in the art and would be expected to be found within 
a given bacterial species since the genome is haploid and/or among a group of two or more 
bacterial species. 

Linoleate isomerase proteins also include expression products of gene fusions (for 
example, used to overexpress soluble, active forms of the recombinant enzyme), of 
mutagenized genes (such as genes having codon modifications to enhance gene transcription 
and translation), and of truncated genes (such as genes having membrane binding domains 
removed to generate soluble forms of a membrane enzyme, or genes having signal sequences 
removed which are poorly tolerated in a particular recombinant host). It is noted that 
linoleate isomerase proteins and protein homologues of the present invention include 
proteins which do not have linoleate isomerase enzymatic activity. Such proteins are useful, 
for example, for the production of antibodies and for diagnostic assays. 
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An isolated linoleate isomerase of the present invention, including full-length 
proteins, truncated proteins, fusion proteins and homologues, can be identified in a straight- 
forward manner by: the proteins' ability to convert linoleic acid and/or linolenic acid to 
CLA, such as is illustrated in the Examples; the biochemical properties of the protein as 
described in the Examples; by selective binding to an antibody ^gainst a linoleate isomerase; 
and/or by homology with other linoleate isomerase amino acid and nucleic acid sequences 
as disclosed in the Examples. In particular, an isolated linoleate isomerase of the present 
invention is capable of converting linoleic acid and/or linolenic acid to (trans, cw)-10,12- 
linoleic acid. 

The minimum size of a protein and/or homologue of the present invention is a size 
sufficient to have linoleate isomerase biological activity or, when the protein is not required 
to have such enzyme activity, sufficient to be useful for another purpose associated with a 
linoleate isomerase of the present invention, such as for the production of antibodies that 
bind to a naturally occurring linoleate isomerase. As such, the minimum size of linoleate 
isomerase protein or homologue of the present invention is a size suitable to form at Jeast one 
epitope that can be recognized by an antibody, and is typically at least 8 amino acids in 
length, and preferably 10, and more preferably 15, and more preferably 20, and more 
preferably 25, and even more preferably 30 amino acids in length, with preferred sizes 
depending on whether full-length, multivalent (i.e., fusion protein having more than one 
domain each of which has a function), or functional portions of such proteins are desired. 
There is no limit, other than a practical limit, on the maximum size of such a protein in that 
the protein can include a portion of a linoleate isomerase (including linoleate isomerase 
homologues) or a full-length linoleate isomerase. 

Similarly, the minimum size of a nucleic acid molecule of the present invention is a 
size sufficient to encode a protein having linoleate isomerase activity, sufficient to encode - 
a protein comprising at least one epitope which binds to an antibody, or sufficient to form 
a probe or oligonucleotide primer that is capable of forming a stable hybrid with the 
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complementary sequence of a nucleic acid molecule encoding a natural linoleate isomerase 
(e.g., under low, moderate or high stringency conditions). As such, the size of the nucleic 
acid molecule encoding such a protein can be dependent on nucleic acid composition and 
percent homology or identity between the nucleic acid molecule and complementary 
sequence as well as upon hybridization conditions per ^e (e.g., temperature, salt 
concentration, and formamide concentration). The minimal size of a nucleic acid molecule 
that is used as an oligonucleotide primer or as a probe is typically at least about 12 to about 
15 nucleotides in length if the nucleic acid molecules are GC-rich and at least about 15 to 
about 18 bases in length if they are AT-rich. There is no limit, other than a practical limit, 
on the maximal size of a nucleic acid molecule of the present invention, in that the nucleic 
acid molecule can include a portion of a linoleate isomerase encoding sequence, a nucleic 
acid sequence encoding a full-length linoleate isomerase (including a linoleate isomerase 
gene), or multiple genes, or portions thereof. 

Preferred linoleate isomerases of the present invention include proteins which 
comprise an amino acid sequence having at least about 35%, and preferably at least about 
40%, and more preferably at least about 50%, and more preferably at least about 60%, and 
more preferably at least about 70%, more preferably, at least about 80% and most preferably, 
atjeast about 90% identity with an amino acid sequence selected from SEQ ID NO:42 and/or 
SEQ ID NO:6 1 . Preferred linoleate isomerases of the present invention also include proteins 
which comprise an amino acid sequence selected from SEQ ID NO:42 and/or SEQ ID 
NO:61 . Preferred linoleate isomerases of the present invention also include proteins which 
comprise a protein selected from PPAISOM 35 (also known as PCLA 35 ) and/or PP AISOM 424 . 
It is noted that a protein of the present invention can be identified as a protein by use of the 
letter "P" at the beginning, by its apparent size (e.g., subscript "35" is a 35 amino acid 
protein), by association with its function, substrate or product (e.g., CLA or ISOM designates 
a linoleate isomerase of the present invention), and in some instances, by its source (e.g., 
PPAISOM 424 is a linoleate isomerase protein from Propionibacterium acnes which is about 
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424 amino acids in length). As discussed above, as used herein, percent identity between 
two or more amino acid sequences is determined using a BLAST 2.0 Basic BLAST search 
or alignment, using the standard default parameters. 

In one embodiment of the present invention, an isolated linoleate isomerase 
comprises a putative NAD/FAD binding domain. Preferably, the NAD/FAD binding domain 
corresponds to ProfileScan PROSITE Profile No. PS50205, from ProfileScan at 
www.expasv.ch . Such an NAD/FAD binding domain has the signature sequence Gly-Xaa- 
Gly-(Xaa) 2 -Gly-(Xaa) 3 -Ala-(Xaa) 6 -Gly (positions 1 through 21 of SEQ ID NO:73, minus 
four additional Xaa residues from positions 14-17 of SEQ ID NO:73). Such a sequence is 
present in many different enzymes, as set forth in Example 13. To align two or more 
sequences such as SEQ ID NO:73 and another sequence, and to compare the 
homology/percent identity between such sequences, for example, a module contained within 
DNASTAR (DNASTAR, Inc., Madison, Wisconsin) is preferably used. In particular, to 
align and calculate the percent identity between two amino acid sequences, the 
Martinez/Needleman-Wunsch DNA alignment method is used. This method is provided by 
the Lasergene MegAlign module within the DNASTAR program, with the following 
parameters, also referred to herein as the standard default parameters: 

( 1 ) Minimum match = 9; 

(2) Gap penalty = 1.10; 

(3) Gap length penalty = 0.33. 

Using the Martinez/Needleman-Wunsch method with these parameters, for example, the 
alignment and calculation of percent identity between the amino acid sequences shown in 
Fig. 58 were performed. In a preferred embodiment, an isolated linoleate isomerase of the 
present invention comprises an amino acid sequence that aligns with SEQ ID NO:73 using 
the Martinez/Needleman-Wunsch alignment program as defined above, wherein amino acid 
residues in the amino acid sequence align with and are identical to at least about 50% of the 
non-Xaa residues in SEQ ID NO:73. More preferably, an isolated linoleate isomerase of the 
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present invention comprises an amino acid sequence that aligns with SEQ ID NO: 73 using 
this alignment program, wherein amino acid residues in the amino acid sequence align with 
and are identical to at least about 60%, and more preferably at least about 70%, and more 
preferably at least about 80%, and even more preferably at least about 90% of the non-Xaa 
residues in SEQ ID NO:73. Even more preferably, an isolated linoleate isomerase of the 
present invention comprises an amino acid sequence that is identified as having a match with 
a ProfileScan PROSITE Profile No. PS50205, using the standard default parameters for 
normalized match score (NScores) with sensitivity set to include weak matches. The 
ProfileScan program can be accessed publicly through www.expasv.ch . ExPASy (Expert 
Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (SIB); 
Pattern and Profile Searches. 

The present invention also includes a fusion protein that includes a linoleate 
isomerase-containing domain (including a homologue of a linoleate isomerase) attached to 
one or more fusion segments. Suitable fusion segments for use with the present invention 
include, but are not limited to, segments that can: enhance a protein's stability; provide other 
enzymatic activity (e.g., lipase, phospholipase, or esterase to hydrolyze esters of 9,12-diene 
fatty acids to 9,12-fatty acids); and/or assist purification of a linoleate isomerase (e.g., by 
affinity chromatography). A suitable fusion segment can be a domain of any size that has 
the desired function (e.g., imparts increased stability, solubility, action or activity; provides 
other enzymatic activity such as hydrolysis of esters; and/or simplifies purification of a 
protein). Fusion segments can be joined to amino and/or carboxyl termini of the linoleate 
isomerase-containing domain of the protein and can be susceptible to cleavage in order to 
enable straight-forward recovery of a linoleate isomerase. Fusion proteins are preferably 
produced by culturing a recombinant cell transfected with a fusion nucleic acid molecule that 
encodes a protein including the fusion segment attached to either the carboxyl and/or amino 
terminal end of a linoleate isomerase-containing domain. 

Linoleate isomerases can be isolated from a various microorganisms including 
bacteria and fungi. For example, bacterial genera such as Lactobacillus, Clostridium, 
Propionibacterium, Butyrivibrio, and Eubacterium have linoleate isomerase activity. In 
particular, bacterial species such as Lactobacillus reuteri, Clostridium sporogenes, 
Propionibacterium acnes, Butyrivibrio fibrisolvens, Propionibacterium acidipropionici, 
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Propionibacterium freudenreichii and Eubacterium lentum contain linoleate isomerase. 
Microorganisms which have (fra/2s,cw)-10,12-linoleate isomerase activity according to the 
present invention include bacteria of the genus Propionibacterium. A particularly preferred 
linoleate isomerase of the present invention is a Propionibacterium acnes linoleate 
isomerase. 

Further embodiments of the present invention include, nucleic acid molecules that 
encode linoleate isomerases. A nucleic acid molecule of the present invention includes a 
nucleic acid molecule comprising a nucleic^acid sequence encoding any of the isolated 
linoleate isomerase proteins, including a linoleate isomerase homologue, described above. 
In one embodiment, such nucleic acid molecules include isolated nucleic acid molecules that 
hybridize under low stringency conditions, and more preferably under moderate stringency 
conditions, and even more preferably under high stringency conditions with the complement 
of a nucleic acid sequence encoding a naturally occurring P. acnes linoleate isomerase (i.e., 
including naturally occurring allelic variants encoding a P. acnes linoleate isomerase). 
Preferably, an isolated nucleic acid molecule comprises a nucleic acid sequence that 
hybridizes under low, moderate, or high stringency conditions to the complement of a 
nucleic acid sequence that encodes a protein comprising an amino acid sequence represented 
by SEQ ID NO:42 or SEQ ID NO:61 . In one embodiment, an isolated nucleic acid molecule 
comprises a nucleic acid sequence that hybridizes under low, moderate, or high stringency 
conditions to the complement of a nucleic acid sequence represented by SEQ ED NO:60. In 
other embodiments, the present invention includes an isolated nucleic acid molecule that 
entodes a protein comprising amino acid sequence selected from the group consisting of 
SEQ ID NO:42 or SEQ ID NO:61, and an isolated nucleic acid molecule having a nucleic 
acid sequence of SEQ ID NO:60. 

As used herein, hybridization conditions refer to standard hybridization conditions 
under which nucleic acid molecules are used to identify similar nucleic acid molecules. Such 
standard conditions are disclosed, for example, in Sambrook et al., Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Labs Press, 1989. Sambrook et al., ibid., is 
incorporated by reference herein in its entirety (see specifically, pages 9.31-9.62). In 
addition, formulae to calculate the appropriate hybridization and wash conditions to achieve 
hybridization permitting varying degrees of mismatch of nucleotides are disclosed, for 
example, in Meinkoth et al., 1984, Anal. Biochem. 138, 267-284; Meinkoth et al., ibid., is 
incorporated by reference herein in its entirety. 
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More particularly, low stringency hybridization and washing conditions, as referred 
to herein, refer to conditions which permit isolation of nucleic acid molecules having at least 
about 35% nucleic acid sequence identity with the nucleic acid molecule being used to probe 
in the hybridization reaction (i.e., conditions permitting about 65% or less mismatch of 
nucleotides). Moderate stringency hybridization and washing conditions, as referred to 
herein, refer to conditions which permit isolation of nucleic acid molecules having at least 
about 55% nucleic acid sequence identity with the nucleic acid molecule being used to probe 
in the hybridization reaction (i.e., conditions permitting about 45% or less mismatch of 
nucleotides). High stringency hybridization and washing conditions, as referred to herein, 
refer to conditions which permit isolation of nucleic acid molecules having at least about 
75% nucleic acid sequence identity with the nucleic acid molecule being used to probe in the 
hybridization reaction (i.e., conditions permitting about 25% or less mismatch of 
nucleotides). As discussed above, one of skill in the art can use the formulae in Meinkoth 
et al., ibid, to calculate the appropriate hybridization and wash conditions to achieve these 
particular levels of nucleotide mismatch. Such conditions will vary, depending on whether 
DNA:RNA or DNArDNA hybrids are being formed. Calculated melting temperatures for 
DNA:DNA hybrids are 10°C less than for DNA:RNA hybrids. In particular embodiments, 
stringent hybridization conditions for DNA:DNA hybrids include hybridization at an ionic 
strength of 6X SSC (0.9 M Na + ) at a temperature of between about 20°C and about 35°C, 
more preferably, between about 28°C and about 40°C, and even more preferably, between 
about 35°C and about 45°C. In particular embodiments, stringent hybridization conditions 
for DNA:RNA hybrids include hybridization at an ionic strength of 6X SSC (0.9 M Na + ) at 
a temperature of between about 30°C and about 45°C, more preferably, between about 38°C 
and about 50°C, and even more preferably, between about 45°C and about 55°C. These 
values are based on calculations of a melting temperature for molecules larger than about 1 00 
nucleotides, 0% formamide and a G + C content of about 60%. Alternatively, T m can be 
calculated empirically as set forth in Sambrook et al., supra, pages 9.31 TO 9.62. 

In one embodiment of the present invention, a nucleic acid molecule encoding a 
linoleate isomerase of the present invention comprises a nucleic acid sequence that encodes 
an amino acid sequence that is at least about 35% identical to SEQ ID NO:61 over at least 
about 170 contiguous amino acids of SEQ ID NO:61. Preferably, a nucleic acid molecule 
encoding a linoleate isomerase of the present invention comprises a nucleic acid sequence 
that encodes an amino acid sequence that is at least about 45%, and more preferably, at least 



30 



3161-20-C1 



about 55%, and more preferably, at least about 65%, and more preferably at least about 75%, 
and more preferably at least about 85%, and even more preferably at least about 95% 
identical to SEQ ED NO:61 over at least about 170 amino acids of SEQ IDNO:61, and more 
preferably over at least about 200 amino acids, and more preferably over at least about 250 
amino acids, and more preferably over at least about 300 amino acids, and more preferably 
over at least about 350 amino acids, and even more preferably ©ver at least about 400 amino 
acids of SEQ ID NO:61 . Such a nucleic acid sequence can include a nucleic acid sequence 
encoding a linoleate isomerase protein homologue, and can therefore be referred to as a 
homologue of a nucleic acid sequence encoding a naturally occurring linoleate isomerase 
(i.e., a nucleic acid sequence homologue). 

Preferred linoleate isomerase nucleic acid molecules of the present invention include 
nucleic acid molecules which comprise a nucleic acid sequence having at least about 35%, 
and more preferably at least about 45%, and more preferably at least about 55%, and more 
preferably, at least about 65%, and more preferably, at least about 75%, and even more 
preferably, at least about 85%, and most preferably, at least about 95% identity with a 
nucleic acid sequence that encodes a protein having an amino acid sequence selected from 
SEQ ID NO:42 and SEQ ID NO:61 . In another embodiment, preferred linoleate isomerase 
nucleic acid molecules of the present invention include nucleic acid molecules which 
comprise a nucleic acid sequence having at least about 35%, and more preferably at least 
about 45%, and more preferably at least about 55%, and more preferably, at least about 65%, 
and more preferably, at least about 75%, and even more preferably, at least about 85%, and 
most preferably, at least about 95% identity with anucleic acid sequence represented by SEQ 
ID NO:60. Preferred linoleate isomerase nucleic acid molecules of the present invention also 
include nucleic acid molecules which comprise a nucleic acid sequence encoding a protein 
comprising an amino acid sequence represented by SEQ ID NO:42 and/or SEQ ID NO:61, 
or a nucleic acid molecule comprising a nucleic acid sequence represented by SEQ -ID 
NO:60. Preferred linoleate isomerase nucleic acid molecules of the present invention also 
include nucleic acid molecules which comprise a nucleic acid molecule selected from 
nPAISOM 5275 and nPAISOM 1275 . Percent identity is determined using BLAST 2.0 Basic 
BLAST default parameters, as described above. 

In accordance with the present invention, an isolated nucleic acid molecule is a 
nucleic acid molecule that has been removed from its natural milieu (i.e., that has been 
subject to human manipulation) and can include DNA, RNA, or derivatives of either DNA 
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or RNA. As such, "isolated" does not reflect the extent to which the nucleic acid molecule 
has been purified. An isolated linoleate isomerase nucleic acid molecule of the present 
invention can be isolated from its natural source or produced using recombinant DNA 
technology (e.g., polymerase. chain reaction (PCR) amplification, cloning) or chemical 
synthesis. Isolated linoleate isomerase nucleic acid molecules can include, for example, 
linoleate isomerase genes, natural allelic variants of linoleate isomerase genes, linoleate 
isomerase coding regions or portions thereof, and linoleate isomerase coding and/or 
regulatory regions modified by nucleotide insertions, deletions, substitutions, and/or 
inversions in a manner such that the modifications do not substantially interfere with the 
nucleic acid molecule's ability to encode a linoleate isomerase of the present invention or to 
form stable hybrids under stringent conditions with natural gene isolates. An isolated 
linoleate isomerase nucleic acid molecule can include degeneracies. As used herein, 
nucleotide degeneracies refers to the phenomenon that one amino acid can be encoded by 
different nucleotide codons. Thus, the nucleic acid sequence of a nucleic acid molecule that 
encodes a linoleate isomerase of the present invention can vary due to degeneracies. It is 
noted that an isolated linoleate isomerase nucleic acid molecule of the present invention is 
not required to encode a protein having linoleate isomerase activity. A linoleate isomerase 
nucleic acid molecule can encode a truncated, mutated or inactive protein, for example. Such 
nucleic acid molecules and the proteins encoded by such nucleic acid molecules are useful 
in diagnostic assays, for example, or for other purposes such as antibody production, as is 
described in the Examples below. 

According to the present invention, reference to a linoleate isomerase gene includes 
all nucleic acid sequences related to a natural (i.e. wild-type) linoleate isomerase gene, such 
as regulatory regions that control production of the linoleate isomerase protein encoded by 
that gene (such as, but not limited to, transcription, translation or post-translation control 
regions) as well as the coding region itself. 

In another embodiment, an linoleate isomerase gene can be a naturally occurring 
allelic variant that includes a similar but not identical sequence to the nucleic acid sequence 
encoding a given linoleate isomerase. Allelic variants have been previously described above. 
The phrases "nucleic acid molecule" and "gene" can be used interchangeably when the 
nucleic acid molecule comprises a gene as described above. 

A linoleate isomerase nucleic acid molecule homologue (i.e., encoding a linoleate 
isomerase protein homologue) can be produced using a number of methods known to those 
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shlled m the art (see, for example, Sambrook et al). For example, nucleic acid molecules 
ean be mod,fied using a variety of techniques including, but not limited to, by classic 
mutagenesis and recombinant DNA techniques (e.g., site-directed mutagenesis, chemical 
treatment, restnction enzyme cleavage, ligation of nucleic acid fragments and/or PCR 
amphfieauon), or synthesis of oligonucleotide mixtures and ligation of mixture groups to 
build" a mixture of nucleic acid molecules and combinations thereof. Nucleic acid 
molecule homologues can be selected by hybridization with a linoleate isomerase gene or 
by screening the function of a protein encoded by a nucleic acid molecule (e g ability to 
eonvert linoleic acid to CLA). Additionally, a nucleic acid molecule homologue of the 
present invention includes a nucleic acid sequence comprising at least 24 contiguous 
nucleotides of SEQ ID NO:60, and more preferably, at least about 45, and more preferably 
at least about 90, and even more preferably, at least about 1 35, and even more preferably at' 
least about 180, and even more preferably at least about 360, and even more preferably at 
lea S tabout720contiguousnucleotidesofSEQIDNO:60. Similarly, a nucleic acid molecule 
homologue of the present invention encodes a protein comprising an amino acid sequence 
including at least 15, and preferably 30 contiguous amino acid residues of SEQ ID N042 
and/or SEQ ID NO:61. In another embodiment, a preferred nucleic acid sequence 
homologue encodes a protein comprising an amino acid sequence including at least 45 and 
more preferably at least 60, and more preferably at least 120, and even more preferably, at 
least 240, contiguous amino acid residues of SEQ ID NO:6 1 

One embodiment of the present invention includes a recombinant nucleic acid 
molecule, which includes at least one isolated nucleic acid molecule of the present invention 
inserted into any nucleic acid vector (e.g., a recombinant vector) which is suitable for 
elomng, sequencing, and/or otherwise manipulating the nucleic acid molecule, such as 
expressing and/or delivering the nucleic acid molecule into a host cell to form a recombinant 
cell. Such a vector contains heterologous nucleic acid sequences, that is nucleic acid 
sequences that are not naturally found adjacent to nucleic acid molecules of the present 
invention, although the vector can also contain regulatory nucleic acid sequences (eg 
promoters, untranslated regions) which are naturally found adjacent to nucleic acid' 
molecules of the present invention (discussed in detail below). The vector can be either 
RNA or DNA, either prokaryotic or eukaryotic, and typically is a virus or a plasmid The 
vector can be maintained as an extrachromosomal element (e.g., a plasmid) or it can be 
integrated into the chromosome. The entire vector can remain in place within a host cell or 
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under certain conditions, the plasmid DNA can be deleted, leaving behind the nucleic acid 
molecule of the present invention. The integrated nucleic acid molecule can be under 
chromosomal promoter control, under native or plasmid promoter control, or under a 
combination of several promoter controls. Single or multiple copies of the nucleic acid 
molecule can be integrated into the chromosome. 

Typically, a recombinant molecule includes a nucleic ^cid molecule of the present 
invention operatively linked to one or more transcription control sequences. As used herein, 
the phrase "recombinant molecule" or "recombinant nucleic acid molecule" primarily refers 
to a nucleic acid molecule or nucleic acid sequence operatively linked to a transcription 
control sequence, but can be used interchangeably with the phrase "nucleic acid molecule", 
when such nucleic acid molecule is a recombinant molecule as discussed herein. According 
to the present invention, the phrase "operatively linked" refers to linking a nucleic acid 
molecule to a transcription control sequence in a mariner such that the molecule is able to be 
expressed when transfected (i.e., transformed, transduced, transfected, conjugated or 
conduced) into a host cell. Transcription control sequences are sequences which control the 
initiation, elongation, or termination of transcription. Particularly important transcription 
control sequences are those which control transcription initiation, such as promoter, 
enhancer, operator and repressor sequences. Suitable transcription control sequences include 
any transcription control sequence that can function in at least one of the recombinant cells 
useful for expressing a linoleate isomerase of the present invention. A variety of such 
transcription control sequences are known to those skilled in the art. Preferred transcription 
control sequences include those which function in bacterial, fungal (e.g., yeast), insect, plant 
or animal cells. 

Recombinant molecules of the present invention, which can be either DNA or RNA, 
can also contain additional regulatory sequences, such as translation regulatory sequences, 
origins of replication, and other regulatory sequences that are compatible with the 
recombinant cell. In one embodiment, a recombinant molecule of the present invention, 
including those which are integrated into the host cell chromosome, also contains secretory 
signals (i.e., signal segment nucleic acid sequences) to enable an expressed linoleate 
isomerase to be secreted from the cell that produces the protein. Suitable signal segments 
include a signal segment that is naturally associated with a linoleate isomerase of the present 
invention or any heterologous signal segment capable of directing the secretion of a linoleate 
isomerase according to the present invention. In another embodiment, a recombinant 



34 



3161-20-C1 



molecule of the present invention comprises a leader sequence to enable an expressed 
linoleate isomerase to be delivered to and inserted into the membrane of a host cell Suitable 
leader sequences include a leader sequence that is naturally associated with a linoleate 
isomerase of the present invention, or any heterologous leader sequence capable of directing 
the delivery and insertion of a linoleate isomerase to the membrane of a cell. 

Onetypeofrecombinantmolecule, referred to herein as Recombinant virus, includes 
a recombinant nucleic acid molecule of the present invention that is packaged in a viral coat 
and that can be expressed in a cell after delivery of the virus to the cell. A number of 
recombinant virus particles can be used, including, but not limited to, those based on 
alphavmises, baculoviruses, poxviruses, adenoviruses, herpesviruses, and retroviruses. 

One or more recombinant molecules of the present invention can be used to produce 
an encoded product (i.e., a linoleate isomerase protein) of the present invention In one 
embodiment, an encoded product is produced by expressing a nucleic acid molecule as 
described herein under conditions effective to produce the protein. A preferred method to 
produce an encoded protein is by transfecting a host cell with one or more recombinant 
molecules to form a recombinant cell. Suitable host cells to transfect include any bacterial 
fungal (e.g., yeast), insect, plant or animal cell that can be transfected. Host cells can be 
either untransfected cells or cells that are already transfected with at least one nucleic acid 
molecule. Preferred host cells for use in the present invention include any microorganism 
cell which is suitable for expression of a (^,m)-10,12-linoleate isomerase of the present 
invention, including, but not limited to, bacterial cells of the genera Propionibacterium 
Escherichia and Bacillus. Particularly preferred host cells include bacterial cells suitable as 
industrial expression hosts including, but not limited to Escherichia coli and Bacillus 
species, and particularly including, but not limited to Escherichia coli. Bacillus subtilis and 
Bacillus licheniformis. Other particularly preferred host cells include fungal cells suitable 
as industrial expression hosts including, but not limited to, Saccharomyces sp., Hansenula 
sp.,Pichiasp.,Kluveromycessp., mdPhaffiasp., as well as other fungal expression systems. 

According to the present invention, the term "transfection" is used to refer to any 
method by which an exogenous nucleic acid molecule (i.e., a recombinant nucleic acid 
molecule) can be inserted into the cell. The term "transformation" can be used 
interchangeably with the term "transfection" when such term is used to refer to the 
introduction of nucleic acid molecules into microbial cells, such as bacteria and yeast. In 
microbial systems, the term "transformation" is used to describe an inherited change due to 
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the acquisition of exogenous nucleic acids by the microorganism and is essentially 
synonymous with the term "transfection". However, in animal cells, transformation has 
acquired a second meaning which can refer to changes in the growth properties of cells in 
culture after they become cancerous, for example. Therefore, to avoid confusion, with regard 
to the introduction of exogenous nucleic acids into animal cells, the term "transfection" is 
preferably used, and the term "transfection" will be used hereiitf o generally encompass both 
transfection of animal cells and transformation of microbial cells, to the extent that the terms 
pertain to the introduction of exogenous nucleic acids into a cell. Transfection techniques 
include, but are not limited to, transformation, electroporation, microinjection, lipofection, 
adsorption, infection and protoplast fusion. 

In one embodiment, an isolated linoleate isomerase protein of the present invention 
is produced by culturing a cell that expresses the protein under conditions effective to 
produce the protein, and recovering the protein. A preferred cell to culture is a recombinant 
cell of the present invention. Effective culture conditions include, but are not limited to, 
effective media, bioreactor, temperature, pH and oxygen conditions that permit protein 
production. An effective medium refers to any medium in which a cell is cultured to produce 
a linoleate isomerase protein of the present invention. Such medium typically comprises an 
aqueous medium having assimilable carbon, nitrogen and phosphate sources, and appropriate 
salts, minerals, metals and other nutrients, such as vitamins. Examples of suitable media and 
culture conditions are discussed in detail in the Examples section. Cells of the present 
invention can be cultured in conventional fermentation bioreactors, shake flasks, test tubes, 
microtiter dishes, and petri plates. Culturing can be carried out at a temperature, pH and 
oxygen content appropriate for a recombinant cell. Such culturing conditions are within the 
expertise of one of ordinary skill in the art. 

Depending on the vector and host system used for production, resultant proteins of 
the present invention may either remain within the recombinant cell; be secreted into the 
fermentation medium; be secreted into a space between two cellular membranes, such as the 
periplasmic space in E. coli\ or be retained on the outer surface of a cell or viral membrane. 

The phrase "recovering the protein" refers to collecting the whole fermentation 
medium containing the protein and need not imply additional steps of separation or 
purification. Proteins of the present invention can be purified using a variety of standard 
protein purification techniques, such as, but not limited to, affinity chromatography, ion 
exchange chromatography, filtration, electrophoresis, hydrophobic interaction 
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chromatography, gel filtration chromatography, reverse phase chromatography, concanavalin 
A chromatography, chromatofocusing and differential solubilization. Proteins of the present 
invention are preferably retrieved in "substantially pure" form. As used herein, "substantially 
pure" refers to a purity that allows for the effective use of the protein as a biocatalyst or other 
reagent. 

To produce significantly high yields of CLA by the methods of the present invention, 
a microorganism can be genetically modified to increase the action of linoleate isomerase, 
and preferably, to enhance production of linoleate isomerase, and thereby, CLA. As used 
herein, a genetically modified microorganism, such as a bacterium, fungus, microalga, and 
particularly, any of the preferred genera of bacteria described herein, has a genome which 
is modified (i.e., mutated or changed) from its normal (i.e., wild-type or naturally occurring) 
form such that the desired result is achieved (i.e., increase the action of linoleate isomerase). 
Genetic modification of a microorganism can be accomplished using classical strain 
development and/or molecular genetic techniques. Such techniques are generally disclosed, 
for example, in Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Labs Press. The reference Sambrook et al., ibid , is incorporated by reference 
herein in its entirety. Additionally, techniques for genetic modification of a microorganism 
through recombinant technology are described in detail in the Examples section. 

A genetically modified microorganism can include a microorganism in which nucleic 
acid molecules have been inserted, deleted or modified (i.e., mutated; e.g., by insertion, 
deletion, substitution, and/or inversion of nucleotides), in such a manner that such 
iriodifications provide the desired effect within the microorganism. 

According to the present invention, a genetically modified microorganism includes 
a microorganism that has been modified using recombinant technology. As used herein, 
genetic modifications which result in a decrease in gene expression, in the function of the 
gene, or in the function of the gene product (i.e., the protein encoded by the gene) can.be 
referred to as inactivation (complete or partial), deletion, interruption, blockage or down- 
regulation of a gene. For example, a genetic modification in a gene which results in a 
decrease in the function of the protein encoded by such gene, can be the result of a complete 
deletion of the gene (i.e., the gene does not exist, and therefore the protein does not exist), 
a mutation in the gene which results in incomplete or no translation of the protein (e.g., the 
protein is not expressed), or a mutation in the gene which decreases or abolishes the natural 
function of the protein (e.g., a protein is expressed which has decreased or no enzymatic 
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activity or action). Genetic modifications which result in an increase in gene expression or 
function can be referred to as amplification, overproduction, overexpression, activation, 
enhancement, addition, or up-regulation of a gene. 

In one embodiment of the present invention, a genetic modification of a 
microorganism increases or decreases the action of a linoleate isomerase. Such a genetic 
modification includes any type of modification and specificallyincludes modifications made 
by recombinant technology and by classical mutagenesis. It should be noted that reference 
to increasing the action (or activity) of linoleate isomerase refers to any genetic modification 
in the microorganism in question which results in increased functionality of the enzyme and 
includes higher activity of the enzyme (e.g., specific activity or in vivo enzymatic activity), 
reduced inhibition or degradation of the enzyme, and overexpression of the enzyme. For 
example, gene copy number can be increased, expression levels can be increased by use of 
a promoter that gives higher levels of expression than that of the native promoter, or a gene 
can be altered by genetic engineering or classical mutagenesis to increase the action of an 
enzyme. Similarly, reference to decreasing the action of an enzyme refers to any genetic 
modification in the microorganism in question which results in decreased functionality of 
the enzymes and includes decreased activity of the enzymes (e.g., specific activity), increased 
inhibition or degradation of the enzymes and a reduction or elimination of expression of the 
enzymes. For example, the action of an enzyme of the present invention can be decreased 
by blocking or reducing the production of the enzyme, "knocking out" the gene encoding the 
enzyme, reducing enzyme activity, or inhibiting the activity of the enzyme. Blocking or 
reducing the production of an enzyme can include placing the gene encoding the enzyme 
under the control of a promoter that requires the presence of an inducing compound in the 
growth medium. By establishing conditions such that the inducer becomes depleted from 
the medium, the expression of the gene encoding the enzyme (and therefore, of enzyme 
synthesis) could be turned off. Blocking or reducing the activity of an enzyme could also 
include using an excision technology approach similar to that described in U.S. Patent No. 
4,743,546, incorporated herein by reference. To use this approach, the gene encoding the 
enzyme of interest is cloned between specific genetic sequences that allow specific, 
controlled excision of the gene from the genome. Excision could be prompted by, for 
example, a shift in the cultivation temperature of the culture, as in U.S. Patent No. 4,743,546, 
or by some other physical or nutritional signal. 
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In one embodiment of the present invention, a genetically modified microorganism 
includes a microorganism which has an enhanced ability to synthesize CLA. According to 
the present invention, "an enhanced ability to synthesize" a product refers to any 
enhancement, or up-regulation, in a pathway related to the synthesis of the product such that 
the microorganism produces an increased amount of the product compared to the wild-type 
microorganism cultured under the same conditions. In one ^embodiment of the present 
invention, enhancement of the ability of a microorganism to synthesize CLA is accomplished 
by amplification of the expression of the linoleate isomerase gene. Amplification of the 
expression of linoleate isomerase can be accomplished in a bacterial cell, for example, by 
introduction of a recombinant nucleic acid molecule encoding the linoleate isomerase gene, 
or by modifying regulatory control over a native linoleate isomerase gene. 

Therefore, it is an embodiment of the present invention to provide a bacterium which 
is transformed with a recombinant nucleic acid molecule comprising a nucleic acid sequence 
encoding a linoleate isomerase. Preferred recombinant nucleic acid molecules comprising 
such a nucleic acid sequence include recombinant nucleic acid molecules comprising a 
nucleic acid sequence which encodes a linoleate isomerase comprising an amino acid 
sequence selected from SEQ ID NO:42 or SEQ ID NO:61. Other preferred recombinant 
nucleic acid molecules of the present invention include nucleic acid molecules which 
comprise a nucleic acid sequence represented by SEQ ID NO:60. The above identified 
nucleic acid molecules represent nucleic acid molecules comprising wild-type (i.e., naturally 
occurring or natural) nucleic acid sequences encoding linoleate isomerases. Genetically 
modified nucleic acid molecules which include nucleic acid sequences encoding homologues 
of (i.e., modified and/or mutated) linoleate isomerases are also encompassed by the present 
invention and are described in detail above. 

It is yet another embodiment of the present invention to provide a microorganism 
having a linoleate isomerase with reduced substrate inhibition and/or reduced product 
inhibition. A linoleate isomerase with reduced substrate and/or product inhibition can be a 
mutated (i.e., genetically modified) linoleate isomerase gene, for example, and can be 
produced by any suitable method of genetic modification. For example, a recombinant 
nucleic acid molecule encoding linoleate isomerase can be modified by any method for 
inserting, deleting, and/or substituting nucleotides, such as by error-prone PCR. In this 
method, the nucleic acid sequence encoding the linoleate isomerase is amplified under 
conditions that lead to a high frequency of misincorporation errors by the DNA polymerase 
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used for the amplification. As a result, a high frequency of mutations are obtained in the 
PCR products. The resulting linoleate isomerase gene mutants can then be screened for 
reduced substrate and/or product inhibition by testing the mutant molecules for the ability 
to confer increased CLA production onto a test microorganism, as compared to a 
microorganism carrying the non-mutated recombinant linoleate isomerase nucleic acid 
molecule. Another method for modifying a recombinant nucleic acid molecule encoding a 
linoleate isomerase is gene shuffling (i.e., molecular breeding) (See, for example, U.S. Patent 
No. 5,605,793 to Stemmer; Minshull and Stemmer; 1999, Curr. Opin. Chem. Biol 3:284- 
290; Stemmer, 1 994, P.N. AS. USA 91:1 0747- 1 075 1 , all of which are incorporated herein by 
reference in their entirety). This technique can be used to efficiently introduce multiple 
simultaneous positive changes in the linoleate isomerase enzyme action. It should be noted 
that decreased substrate and/or product inhibition of linoleate isomerase will typically result 
in a linoleate isomerase with increased action, even when the specific activity of the enzyme 
remains the same, or actually is decreased, relative to a naturally occurring linoleate 
isomerase enzyme. Therefore, it is an embodiment of the present invention to produce a 
genetically modified linoleate isomerase with increased action and increased in vivo 
enzymatic activity, which has unmodified or even decreased specific activity as compared 
to a naturally occurring linoleate isomerase. Also encompassed by the present invention are 
genetically modified linoleate isomerases with increased specific activity. 

Therefore, it is an embodiment of the present invention to provide a microorganism 
which is transformed with a genetically modified recombinant nucleic acid molecule 
comprising a nucleic acid sequence encoding a mutant, or homologue, linoleate isomerase. 
Such linoleate isomerases can be referred to herein as linoleate isomerase homologues. 
Protein homologues have been described in detail herein. 

Another embodiment of the present invention is a method for producing CLA or 
derivatives thereof from an oil using an isolated linoleate isomerase enzyme. The method 
can be operated in batch or continuous mode using a stirred tank, a plug-flow column reactor 
or other apparatus known to those skilled in the art. The oil comprises a fatty acid selected 
from the group consisting of free fatty acids, salts of free fatty acids (e.g., soaps), and 
mixtures containing linoleic acid, linolenic acid, derivatives of linoleic or linolenic acid, and 
mixtures thereof. As discussed previously herein, derivatives of linoleic acid or linolenic 
acid include any derivatives, including, but not limited to lipid derivatives, methyl-ester 
derivatives and branched forms. Some lipid derivatives of linoleic acid and linolenic acid 



3161-20-C1 



which can be used as a substrate for a linoleate isomerase of the present invention include, 
but are not limited to: (cis, cis, cis)-6, 9, 12-octadecatrienoic acid (18:3) (y-linolenic acid); 
(cis, cis, cis, cis)-6, 9, 12, 15 octadecatetraenoic acid (18:4) (stearidonic acid); (cis, cis)-l 1, 
14 eicosadienoic acid (20:2)). Such derivatives are described in Example 19, Table 6. 

Preferably, the oil comprises at least about 50% by weight of the fatty acid, more 
preferably at least about 60% by weight, and most preferably at least about 80% by weight. 
The method of the present invention converts at least a portion of the fatty acid to CLA. 
Preferably at least about 30% the oil is converted to CLA, and more preferably, at least about 
50% of the oil is converted to CLA, and more preferably at least about 70%, and most 
preferably at least about 95%. 

A variety of animal and plant sources are available which contain oil that is useful 
for the foregoing method of the present invention. Preferably, the oil is selected from the 
group consisting of sunflower oil, safflower oil, corn oil, linseed oil, palm oil, rapeseed oil, 
sardine oil, herring oil, mustard seed oil, peanut oil, sesame oil, perilla oil, cottonseed oil, 
soybean oil, dehydrated castor oil and walnut oil. 

When the fatty acid is in the form of a triglyceride, the method includes contacting 
the oil with a hydrolysis enzyme to convert at least a portion of the triglyceride to free fatty 
acids. Hydrolysis enzymes include any enzyme which can cleave an ester bond of a 
triglyceride to provide a free fatty acid. Preferably, hydrolysis enzyme is selected from the 
group consisting of lipases, phospholipases, and esterases. The use of enzymes to hydrolyze 
a triglyceride is well known to one skilled in the art. 

Alternatively, the oil comprising a triglyceride of a fatty acid can be chemically 
hydrolyzed to convert at least a portion of the triglyceride to free fatty acids. Chemical 
conversion of triglyceride to free fatty acids is well known to one skilled in the art. For 
example, a triglyceride can be hydrolyzed to provide a free fatty acid under a basic condition 
using a base such as hydroxides, carbonates and bicarbonates. Exemplary bases include 
sodium hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate, lithium 
hydroxide, magnesium hydroxide, calcium carbonate, sodium bicarbonate, lithium carbonate, 
and lithium bicarbonate. Alternatively, triglycerides can be hydrolyzed to provide a free 
fatty acid under an acidic condition using an acid. Exemplary acids include, hydrochloric 
acid, sulfuric acid, phosphoric acid, and carboxylic acids such as acetic acid and formic acid. 

In a preferred method of the present invention, the linoleate isomerase is bound to a 
solid support, i.e., an immobilized enzyme. As used herein, a linoleate isomerase bound to 
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a solid support (i.e., an immobilized linoleate isomerase) includes immobilized isolated 
linoleate isomerases, immobilized cells which contain a linoleate isomerase enzyme 
(including immobilized bacterial, fungal (e.g., yeast), microalgal, insect, plant or mammalian 
cells), stabilized intact cells and stabilized cell/membrane homogenates. Stabilized intact 
cells and stabilized cell/membrane homogenates include cells and homogenates from 
naturally occurring microorganisms expressing linoleate iso/nerase or from genetically 
modified microorganisms, insect cells or mammalian cells as disclosed elsewhere herein. 
Thus, although methods for immobilizing linoleate isomerase are discussed below, it will be 
appreciated that such methods are equally applicable to immobilizing bacterial and other 
cells and in such an embodiment, the cells can be lysed. 

A variety of methods for immobilizing an enzyme are disclosed in Industrial 
Enzymology 2nd Ed., Godfrey, T. and West, S. Eds., Stockton Press, New York, N.Y., 1 996, 
pp. 267-272; Immobilized Enzymes, Chibata, I. Ed., Halsted Press, New York, N.Y., 1978; 
Enzymes and Immobilized Cells in Biotechnology, Laskin, A. Ed., Benjamin/Cummings 
Publishing Co., Inc., Menlo Park, California, 1985; and Applied Biochemistry and 
Bioengineering, Vol. 4, Chibata, I. and Wingard, Jr., L. Eds, Academic Press, New York, 
N.Y., 1 983, which are incorporated herein in their entirety. 

Briefly, a solid support refers to any solid organic supports, artificial membranes, 
biopolymer supports, or inorganic supports that can form a bond with linoleate isomerase 
without significantly effecting the activity of isolated linoleate isomerase enzyme. 
Exemplary organic solid supports include polymers such as polystyrene, nylon, phenol- 
formaldehyde resins, acrylic copolymers (e.g., polyacrylamide), stabilized intact whole cells, 
and stabilized crude whole cell/membrane homogenates. Exemplary biopolymer supports 
include cellulose, polydextrans (e.g., Sephadex®), agarose, collagen and chitin. Exemplary 
inorganic supports include glass beads (porous and nonporous), stainless steel, metal oxides 
(e.g., porous ceramics such as Zr0 2 , Ti0 2 , A1 2 0 3 , and NiO) and sand. Preferably, the solid 
support is selected from the group consisting of stabilized intact cells and/or crude cell 
homogenates. Preparation of such supports requires a minimum of handling and cost. 
Additionally, such supports provide excellent stability of the enzyme. 

Stabilized intact cells and/or cell/membrane homogenates can be produced, for 
example, by using Afunctional crosslinkers (e.g., glutaraldehyde) to stabilize cells and cell 
homogenates. In both the intact cells and the cell membranes, the cell wall and membranes 
act as immobilizing supports. In such a system, integral membrane proteins are in the "best" 



42 



3161-20-C1 



lipid membrane environment. Whether starting with intact cells or homogenates, in this 
system the cells are either no longer "alive" or "metabolizing", or alternatively, are "resting" 
(i.e., the cells maintain metabolic potential and active linoleate isomerase, but under the 
culture conditions are not growing); in either case, the immobilized cells or membranes serve 
as biocatalysts. 

Linoleate isomerase can be bound to a solid suppo/t by a variety of methods 
including adsorption, cross-linking (including covalent bonding), and entrapment. 
Adsorption can be through van del Waal's forces, hydrogen bonding, ionic bonding, or 
hydrophobic binding. Exemplary solid supports for adsorption immobilization include 
polymeric adsorbents and ion-exchange resins. Solid supports in a bead form are particularly 
well-suited. The particle size of an adsorption solid support can be selected such that the' 
immobilized enzyme is retained in the reactor by a mesh filter while the substrate {e.g., the 
oil) is allowed to flow through the reactor at a desired rate. With porous particulate supports 
it is possible to control the adsorption process to allow linoleate isomerases or bacterial cells 
to be embedded within the cavity of the particle, thus providing protection without an 
unacceptable loss of activity. 

Cross-linking of a linoleate isomerase to a solid support involves forming a chemical 
bond between a solid support and a linoleate isomerase. It will be appreciated that although 
cross-linking generally involves linking a linoleate isomerase to a solid support using an 
intermediary compound, it is also possible to achieve a covalent bonding between the 
enzyme and the solid support directly without the use of an intermediary compound. Cross- 
linking commonly uses a Afunctional or multifunctional reagent to activate and attach a 
carboxyl group, amino group, sulfur group, hydroxy group or other functional group of the 
enzyme to the solid support. The term "activate" refers to a chemical transformation of a 
functional group which allows a formation of a bond at the functional group. Exemplary 
amino group activating reagents include water-soluble carbodiimides, glutaraldehyde, 
cyanogen bromide, N-hydroxysuccinimide esters, triazines, cyanuric chloride, and carbonyl 
diimidazole. Exemplary carboxyl group activating reagents include water-soluble 
carbodiimides, and N-ethyl-5-phenylisoxazolium-3-sulfonate. Exemplary tyrosyl group 
activating reagents include diazonium compounds. And exemplary sulfhydryl group 
activating reagents include dithiobis-5,5'-(2-nitrobenzoic acid), and glutathione-2-pyridyl 
disulfide. Systems for covalently linking an enzyme directly to a solid support include 
Eupergit®, a polymethacrylate bead support available from Rohm Pharma (Darmstadt, 



3161-20-C1 



Germany), kieselguhl (Macrosorbs), available from Sterling Organics, kaolinite available 
from English China Clay as "Biofix" supports, silica gels which can be activated by 
silanization, available from W.R. Grace, and high-density alumina, available from UOP (Des 
Plains, IL). 

Entrapment can also be used to immobilize linoleate isomerase. Entrapment of 
linoleate isomerase involves formation of, inter alia, gels (Rising organic or biological 
polymers), vesicles (including microencapsulation), semipermeable membranes or other 
matrices. Exemplary materials used for entrapment of an enzyme include collagen, gelatin, 
agar, cellulose triacetate, alginate, polyacrylamide, polystyrene, polyurethane, epoxy resins, 
carrageenan, and egg albumin. Some of the polymers, in particular cellulose triacetate, can 
be used to entrap the enzyme as they are spun into a fiber. Other materials such as 
polyacrylamide gels can be polymerized in solution to entrap the enzyme. Still other 
materials such as polyglycol oligomers that are fiinctionalized with polymerizable vinyl end 
groups can entrap enzymes by forming a cross-linked polymer with UV light illumination 
in the presence of a photosensitizer. 

CLA produced by a method of the present invention can be recovered by 
conventional methods. 

CLA can be produced in a two-phase aqueous-oil system with emulsified oil (e.g., 
emulsified with lecithin), in a co-solvent system, or most preferably, in a two-phase aqueous 
oil system comprising an oil stream containing very little water (i.e., only the minimum 
water required for enzyme activity). A further characteristic of linoleate isomerases of the 
present invention is that they are not inhibited by higher log P solvents. In fact, it has been 
surprisingly found that in some cases linoleate isomerases of the present invention provide 
higher conversion of linoleic acid to CLA when immiscible solvents are used. CLA can be 
produced using a variety of solvent systems. For example, CLA can be produced using an 
aqueous system or a combination of an aqueous and an organic system. Preferably, a solvent 
system for CLA production using a linoleate isomerase comprises a solvent selected from 
the group consisting of water, hexane decane, hexadecane, and propylene glycol. 

Yet another embodiment of the present invention relates to a method for producing 
CLA which utilizes industrial expression systems formed from the microorganisms (or insect 
or mammalian cells), nucleic acid molecules, and proteins of the present invention which 
have been disclosed herein. In this method, immobilized intact whole cells or cell/membrane 
homogenates formed from naturally occurring microorganisms expressing linoleate 
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isomerase or from a genetically modified microorganism, insect cell or mammalian cell as 
described herein (including recombinant microorganisms, insect cells or mammalian cells), 
wherein the microorganism or other cell stably expresses a linoleate isomerase of the present 
invention, will be grown in a suitable culture system (e.g., fermentors). The stabilized cells 
or homogenates will serve as a biocatalyst in a biotransformation process to convert linoleic 
acid and/or linolenic acid to CLA, according to the parameters, specified elsewhere herein. 
In one embodiment, the biocatalyst will be reused (i.e., recycled) several times. In a 
preferred embodiment, the linoleic and/or linolenic acid-containing oil stream is added to the 
biocatalyst in the presence of a minimum amount of water. 

Yet another embodiment of the present invention relates to a nucleic acid molecule 
that encodes a lipase-like protein, and to the lipase like protein encoded thereby. In one 
embodiment, a nucleic acid molecule encoding a lipase-like protein of the present invention 
is denoted nPALPL 1073 . The nucleic acid sequence of nPALPL 1073 spans from nucleotide 
positions 1 to 1073 on the complement of SEQ ID NO:59 (with the positions recited with 
regard to the sense strand), and is represented herein by SEQ ID NO:63. SEQ ID NO:63 
encodes a protein having an amino acid sequence of 358 amino acid residues with an 
incomplete C-terminus. This sequence is referred to herein as PPALPL 358 (SEQ ID NO:64). 
PPALPL3 58 shows some homology to lipases (see below) and is therefore designated LPL 
(lipase-like). 

A sequence of 22 contiguous nucleotides (positions 815-836 of SEQ ID NO:63) was 
determined to be identical to a segment of the Bordetella pertussis RNA polymerase sigma 
80 subunit gene (Sanger 520, B. pertussis Contig54). The BLAST 2.0 search with the 
sequence PPALPL 358 showed that the protein sequence shares a low but significant 
homology to some lipases. For example, the region spanning the positions 1 46-356 of SEQ 
ID NO:63 shares 26% identical and 42% similar amino acid residues with lipC from 
Mycobacterium tuberculosis. It is noted that PPALPL 35g does not share significant 
homology with a different lipase gene previously cloned from P. acnes (GenBank X99255). 
However, the sequence GDSAG, located at positions 244-249 of SEQ ID NO:63, is 
conserved in many lipases and conforms to the active-site serine motif (GXSXG) which is 
shared by various lipases, esterases and other hydrolytic enzymes. To provide additional 
evidence that PPALPL 358 is a lipase, a ProfileScan (protein pattern and profile search) was 
carried out with the protein sequence SEQ ID NO:64. An esterase/lipase/thioresterase active 
site (PROSITE Profile No. PS50187) was found in the region 167-261 of SEQ ID NO:64. 
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In addition, the region from the positions 213 to 268 of SEQ ID NO:64 contained a 
carboxylesterase type-B active site (GC0265). However, the sequence PPALPL 358 does not 
contain the exact lipase prosites (PROSITE Profile Nos. PS01173 and PS01174) that are 
present in the P. acnes lipase (GenBank X99255). Therefore, the present inventors have 
concluded that the protein encoded by SEQ ID NO:63 and represented by amino acid 
sequence SEQ ID NO:64 is a novel lipase or lipase-like enzyipe. 

Therefore, one embodiment of the present invention relates to an isolated lipase-like 
protein. Such a protein comprises an amino acid sequence selected from the group of: (a) 
SEQ ID NO:64; and, (b) a homologue of SEQ ID NO:64, wherein the homologue is at least 
about 35% identical to SEQ ID NO:64. As discussed above, identity of one amino acid 
sequence to another is determined using BLAST 2.0. The general definition of a homologue 
of a protein has been described in detail above with respect to a linoleate isomerase of the 
present invention and applies to a lipase-like protein of the present invention as well. 
Preferably, a lipase-like protein of the present invention comprises an amino acid sequence 
that is at least about 45%, and more preferably, at least about 55%, and more preferably, at 
least about 65%, and more preferably at least about 75%, and more preferably at least about 
85%, and even more preferably at least about 95% identical to SEQ ID NO:64. In a more 
preferred embodiment, a lipase-like protein of the present invention is encoded by a nucleic 
acid molecule comprising a nucleic acid sequence represented by SEQ ID NO:63. Most 
preferably, a lipase-like protein of the present invention comprises an amino acid sequence 
SEQ ID NO: 64. It should be noted that since amino acid sequencing and nucleic acid 
sequencing technologies are not entirely error-free, the sequences presented herein, at best, 
represent apparent sequences of lipase-like protein of the present invention. 

In one embodiment, a protein homologue having an amino acid sequence that is 
sufficiently similar to a natural lipase-like protein of the present invention that a nucleic acid 
sequence encoding the homologue is capable of hybridizing under low, moderate or high 
stringency conditions (described above) to (i.e., with) a nucleic acid molecule encoding the 
natural lipase-like protein (i.e., to the complement of the nucleic acid strand encoding the 
natural lipase-like protein amino acid sequence). Preferably, a homologue of a lipase-like 
protein is encoded by a nucleic acid molecule comprising a nucleic acid sequence that 
hybridizes under low, moderate, or high stringency conditions to the complement of a 
nucleic acid sequence that encodes a protein comprising an amino acid sequence represented 
by SEQ ID NO:64. Even more preferably, a homologue of a lipase-like protein is encoded 
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by a nucleic acid molecule comprising a nucleic acid sequence that hybridizes under low, 
moderate, or high stringency conditions to the complement of SEQ ED NO:63. Such 
hybridization conditions are described in detail above. 

In another embodiment, a lipase-like protein homologue includes proteins having an 
amino acid sequence comprising at least 15 contiguous amino acid residues (i.e., 15 
contiguous amino acid residues having 100% identity with), apd preferably at least 30, and 
more preferably at least 45, and more preferably, at least 60, and more preferably at least 
120, and even more preferably, at least 240, and even more preferably at least 300, 
contiguous amino acid residues of SEQ ID NO:64. A lipase-like protein homologue includes 
proteins encoded by a nucleic acid sequence comprising at least 24, and preferably at least 
45, and more preferably at least 90, and more preferably at least 180, and more preferably 
at least 360, and even more preferably at least 720, and even more preferably at least 900, 
contiguous nucleotides of SEQ ID NO:63. In a preferred embodiment, a lipase-like protein 
homologue has measurable lipase enzymatic activity (i.e., has biological activity). Methods 
of detecting and measuring lipase enzymatic activity are described in Kurooka et al., 1977, 
"A novel and simple colorimetric assay for human serum lipase", J. Biochem. (Tokyo) 
81:361-369, incorporated herein by reference in its entirety. In another embodiment, a 
lipase-like protein homologue may or may not have measurable lipase enzymatic activity, 
but is used for the preparation of antibodies (e.g., can be used to generate antibodies that bind 
to a natural lipase-like protein of the present invention such as a protein having an amino 
acid sequence comprising SEQ ID NO:64), or for the development of oligonucleotides useful 
for identifying other lipases. 

In one embodiment, a lipase-like protein of the present invention comprises an amino 
acid sequence having an esterase/lipase/thioresterase active site denoted by ProfileScan 
Profile No. PS501 87. In another embodiment, a lipase-like protein of the present invention 
comprises an amino acid sequence having a carboxylesterase type-B active site denoted by 
ProfileScan Profile No. GC0265. 

One embodiment of the present invention relates to an isolated nucleic acid molecule 
comprising a nucleic acid sequence encoding any of the lipase-like proteins of the present 
invention described above. Also included in the present invention are recombinant nucleic 
acid molecules and cells comprising such an isolated nucleic acid molecule, and methods of 
using such molecules to produce a lipase-like protein of the present invention. In one 
embodiment, isolated nucleic acid molecules comprising nucleic acid sequence encoding a 
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lipase-like protein can be used with isolated nucleic acid molecules encoding linoleate 
isomerase proteins of the present invention in any of the methods described above. 

As described in Example 14 below, one embodiment of the present invention is a 
nucleic acid molecule, denoted nPAUNK 783 , which spans 1604 to 2386 of the sequence 
nPAISOM 5275 (SEQ ID NO:59) and is represented by SEQ ID NO:65, located upstream of 
SEQ ID NO:60. SEQ ID NO:65 is an open reading frame encoding a protein of 260 amino 
acids residues which is designated PPAUNK 260 (SEQ ID NO:66). A putative ribosome 
binding site GAAGGAG (SEQ ID NO:67) is located up-stream from the first ATG codon, 
with a 4-base spacing. Therefore, this ATG codon is very likely the actual translation 
initiation codon of this open reading frame. This open reading frame does not show a 
significant homology with any sequences in GenBank or unfinished microbial genomes 
Therefore, the function of PPAUNK 260 is presently unknown. 

Another embodiment of the present invention relates to an isolated nucleic acid 
molecule encoding an acetyltransferase-like protein, and the acetyltransferase protein 
encoded thereby. A nucleic acid molecule encoding an acetyltransferase-like enzyme is 
referred to herein as nPAATL 582 and has a nucleic acid sequence represented by SEQ ID 
NO:68. SEQ ID NO:68 spans positions 4129 to 4710 of SEQ ID NO:59 (nPAISOM 5275 ) and 
is located on nPAISOM 5275 downstream from SEQ ID NO:60 on the same nucleic acid 
strand. This open reading frame encodes an acetyltransferase-like enzyme (ATL) of 193 
amino acid residues, the amino acid sequence of which is represented by SEQ ID NO:69. A 
protein having the amino acid sequence of SEQ ID NO:69 is referred herein as PPAATL 193 . 

Although a BLAST 2.0 search with the nucleotide sequence nPAATL 582 did not 
reveal any significant homology with other sequences, a ProfileScan using the protein 
sequence PPAATL l93 (SEQ ID NO:69) showed that PPAATL 193 contains an acetyltransferase 
(GNAT) family profile (ProfileScan PROSITE Profile document PF00583). A BLAST 2.0 
search also showed that PPAATL 193 has a low homology to three putative acetyltransferase 
genes in the database (See Example 14). Therefore, the present inventors believe that the 
protein encoded by nucleic acid sequence SEQ ID NO:68 and represented by amino acid 
sequence SEQ ID NO:69 is an acetyltransferase enzyme or an acetyltransferase-like protein. 

Therefore, one embodiment of the present invention relates to an isolated 
acetyltransferase-like protein. Such a protein comprises an amino acid sequence selected 
from the group of: (a) SEQ ID NO:69; and, (b) a homologue of SEQ ID NO:69, wherein the 
homologue is at least about 40% identical to SEQ ID NO:69 over at least 60 contiguous 
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amino acids of SEQ ID NO:69. As discussed above, identity of one amino acid sequence to 
another is determined using BLAST 2.0. The general definition of a homologue of a protein 
has been described in detail above with respect to a linoleate isomerase of the present 
invention and applies to an acetyltransferase-like protein of the present invention as well. 
Preferably, an acetyltransferase-like protein of the present invention comprises an amino acid 
sequence that is at least about 50%, and more preferably, at* least about 60%, and more 
preferably, at least about 70%, and more preferably at least about 80%, and more preferably 
at least about 90%, identical to SEQ ID NO:69 over at least about 60 contiguous amino 
acids, and more preferably over at least 100 contiguous amino acids, and more preferably 
over at least 150 contiguous amino acids of SEQ ID NO:69. In a more preferred 
embodiment, an acetyltransferase-like protein of the present invention is encoded by a 
nucleic acid molecule comprising a nucleic acid sequence represented by SEQ ID NO:68. 
Most preferably, an acetyltransferase-like protein of the present invention comprises an 
amino acid sequence SEQ ID NO:69. It should be noted that since amino acid sequencing 
and nucleic acid sequencing technologies are not entirely error-free, the sequences presented 
herein, at best, represent apparent sequences of an acetyltransferase-like protein of the 
present invention. 

In one embodiment, a protein homologue having an amino acid sequence that is 
sufficiently similar to a natural acetyltransferase-like protein of the present invention that a 
nucleic acid sequence encoding the homologue is capable of hybridizing under low, 
moderate or high stringency conditions (described above) to (i.e., with) a nucleic acid 
molecule encoding the natural acetyltransferase-like protein (i.e., to the complement of the 
nucleic acid strand encoding the natural acetyltransferase-like protein amino acid sequence). 
Preferably, a homologue of an acetyltransferase-like protein is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence that hybridizes under low, moderate, or high 
stringency conditions to the complement of a nucleic acid sequence that encodes a protein 
comprising an amino acid sequence represented by SEQ ID NO:69. Even more preferably, 
a homologue of an acetyltransferase-like protein is encoded by a nucleic acid molecule 
comprising a nucleic acid sequence that hybridizes under low, moderate, or high stringency 
conditions to the complement of SEQ ID NO:68. Such hybridization conditions are 
described in detail above. 

In another embodiment, an acetyltransferase-like protein homologue includes 
proteins having an amino acid sequence comprising at least 15 contiguous amino acid 



49 



3161-20-C1 



residues (i.e., 1 5 contiguous amino acid residues having 1 00% identity with), and preferably 
at least 30, and more preferably at least 45, and more preferably, at least 60, and more 
preferably at least 120, and even more preferably, at least 150, contiguous amino acid 
residues of SEQ ID NO:69. An acetyltransferase-like protein homologue includes proteins '. 
encoded by a nucleic acid sequence comprising at least 24, and preferably at least 45, and 
more preferably at least 90, and more preferably at least 180,jand more preferably at least 
360, and even more preferably at least 450, contiguous nucleotides of SEQ ID NO:68. In 
a preferred embodiment, an acetyltransferase-like protein homologue has measurable 
acetyltransferase enzymatic activity (i.e., has biological activity). Methods of detecting and 
measuring acetyltransferase enzymatic activity are described in Freeman et al., 1 983, "Acetyl 
CoA: alpha-glucosamidnide N-acetyl transferase: partial purification from human liver", 
Biochem. Int. 6:663-671, incorporated herein by reference in its entirety. In another 
embodiment, an acetyltransferase-like protein homologue may or may not have measurable 
acetyltransferase enzymatic activity, but is used for the preparation of antibodies (e.g., can 
be used to generate antibodies that bind to a natural acetyltransferase-like protein of the 
present invention such as a protein having an amino acid sequence comprising SEQ ID 
NO:69), or for the development of oligonucleotides useful for identifying other 
acetyltransferases. 

In one embodiment, an acetyltransferase-like protein of the present invention 
comprises an amino acid sequence having an acetyltransferase (GNAT) family profile 
denoted by profile document PF00583. 

One embodiment of the present invention relates to an isolated nucleic acid molecule 
comprising a nucleic acid sequence encoding any of the acetyltransferase-like proteins of the 
present invention described above. Also included in the present invention are recombinant 
nucleic acid molecules and cells comprising such an isolated nucleic acid molecule, and 
methods of using such molecules to produce a acetyltransferase-like protein of the present 
invention. In one embodiment, isolated nucleic acid molecules comprising nucleic acid 
sequence encoding an acetyltransferase-like protein can be used with isolated nucleic acid 
molecules encoding linoleate isomerase proteins of the present invention in any of the 
methods described above. 
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EXAMPLES 

It is to be noted that the Examples include a number of molecular biology, 
microbiology, immunology and biochemistry techniques considered to be known to those 
skilled in the art. Disclosure of such techniques can be found, for example, in Sambrook et 
aL, id. and related references. Unless otherwise noted, all column chromatography was 
performed at 4°C. * 
Example 1 

This example illustrates CLA production from linoleic acid using whole cell 
biotransformations with a variety of microorganisms. . The term "whole cell 
biotransformation" refers to a conversion of a suitable substrate to CLA by a microorganism. 

A variety of other microorganisms were purchased from ATCC (American Type 
Culture Collection) and grown on Brain Heart Infusion Broth (Difco) supplemented with 
0.5% yeast extract, 0.0005% hemin, 0.001% vitamin K u 0.05% cysteine, and 0.001% 
resazurin. Cultures were grown in closed containers with limited head space for about 12 
to about 16 hours at 37°C, harvested and washed with fresh medium. Culture stocks were 
maintained in 10% glycerol at about -80°C. 

Lactobacillus reuteriVYRS (ATCC Accession No. 55739, deposited on February 15, 
1996 with the American Type Culture Collection (ATCC), 10801 University Boulevard, 
Manassas, VA 201 10, USA, in connection with U.S. Patent No. 5,674,901 to Cook et al., 
issued October 7, 1997, incorporated herein by reference in its entirety) was obtained from 
Dr. Michael Pariza of the Food Research Institute at University of Wisconsin at Madison. 
The organism was grown on MRS Lactobacillus Broth (BBL) in closed containers with 
limited head space. Large scale cultures were grown (1-2% inoculum) in 2-L bottles without 
agitation at 37°C for about 36 to about 40 hours, harvested by centrifugation, washed once 
with 0. 1 M Bis-Tris, 0.9% NaCl pH 6.0 buffer, and was used immediately or stored at about 
-80°C. 

Cultures were grown and harvested as described above. Washed cells were 
resuspended in either fresh growth medium or 0.1 M Tris pH 8.0 buffer containing linoleic 
acid at various concentrations. 

Aerobic biotransformations were carried out in baffled 250 mL shake flasks agitated 
at 200 rpm on a shaker at room temperature. 

Anaerobic biotransformations were carried out in sealed 1 50 mL serum bottles under 
a 95% nitrogen/5% carbon dioxide head space at 37°C. Media were prepared anaerobically 
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by boiling under a N 2 /C0 2 atmosphere for 15 minutes, sealed with a crimped septum and 
autoclaved. MRS broth (BBL) was used with L. reuteri. Supplemented Brain Heart Infusion 
broth was used in anaerobic biotransformations with other microorganisms. 

Samples were taken at appropriate intervals and analyzed for CLA as described in 
Example 2. In some experiments, various detergents were added to 0.1-0.5% final 
concentration. In experiments using organic solvents, linoleis acid was provided as a 5% 
(v/v) stock dissolved in hexane (log P=3.6), decane (log P=5.6) or hexadecane (log P=8.6). 
About 5 mL solvent was added to about 20 mL aqueous cell suspension in a 125 mL baffled 
shake flask incubated at room temperature. 

Figs. 1A and IB show the results of whole cell biotransformation by Clostridium 
sporogenes ATCC 25762 under aerobic (Fig. 1 A) and anaerobic (Fig. IB) conditions. As 
Fig. 1A shows, under aerobic conditions, C. sporogenes ATCC 25762 rapidly converts 
linoleic acid to (cis,trans)-9,l 1-CLA. However, prolonged whole cell biotransformation 
results in a decrease in (cis,trans)-9,l 1-CLA and an increase in (trans,trans)-9,l 1-CLA and 
(trans,trans)-10,12-CLA. C. sporogenes ATCC 25762 also produces (cis,trans)-9,l 1-CLA 
from linoleic acid under anaerobic conditions (Fig. IB); however, no (trans,trans)-CLA is 
observed under anaerobic conditions. 

Figs. 2 A and 2B show the results of whole cell biotransformation by C. bifermentans 
ATCC 638 under aerobic (Fig. 2 A) and anaerobic (Fig. 2B) conditions. Linoleic acid is 
more rapidly converted to (cis,trans)-9, 1 1 -CLA by C bifermentans ATCC 63 8 under aerobic 
conditions (Fig. 2A) than under anaerobic conditions (Fig. 2B). The highest (cis,trans)-9, 1 1 - 
CLA concentration is observed at about 1 to about 5 hours under aerobic conditions. C. 
sordellii ATCC 9714 also converts linoleic acid to (cis,trans)-9,l 1-CLA under both aerobic 
and anaerobic conditions (data not shown). 

Figs. 3A, 3B and 4 show the results of whole cell biotransformation by 
Propionibacterium jensenii ATCC 14073 (Fig. 3A), P. acnes ATCC 6919 (Fig. 3B), and P. 
acidipropionici ATCC 25562 (Fig. 4), respectively. Interestingly, it has been found that 
while P. acidipropionici converts linoleic acid to (cis,trans)-9,l 1-CLA, P. acnes converts 
linoleic acid to (trans,cis)-10,12-CLA under aerobic conditions. 

Fig. 5 shows the results of whole cell biotransformation by Lactobacillus reuteri. 
Unlike other microorganisms, the concentration of (cis,trans)-9, 1 1 -CLA formed by I. reuteri 
from linoleic acid does not decrease significantly with time. Addition of various nonionic 
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detergents, such as Tween-80 or Triton X-100, does not significantly increase (cis,trans)- 
9,1 1-CLA formation. 
Example 2 

This example describes a procedure for fatty acid analysis to determine the amount 
of conversion of linoleic acid to CLA. 

Fatty acids were extracted from about 1 mL to about 2*5 mL aqueous samples with 
0.5 mL of 5 M NaCl added. The samples were shaken with 5 mL of 2:1 mixture of 
chloroform/methanol in a glass screw cap tube with Teflon lined cap. The two phases were 
separated and about 1 to 2 mL of the chloroform layer was removed. The organic layer was 
dried with Na 2 S0 4 and concentrated. The concentrated fatty acids were converted to methyl 
esters by a modification of the procedure of Chin et al, J. Food Composition, 1992, 5:185- 
192. About 6 mL of 4% HC1 in methanol preheated to 60°C was added to the glass tube 
containing the fatty acid sample. The tubes were sealed with a Teflon lined cap and 
incubated in a tube heater at 60°C for 20 minutes, then cooled to room temperature, and 2 
mL of water and 3 mL of hexane are added. After shaking, the organic layer was separated, 
dried with Na 2 S0 4 , and analyzed by gas chromatography. The order of four CLA peaks was 
(1) (cis,trans)-9,l 1-CLA, (2) (trans,cis)-10,12-CLA, (3) (cis,cis)-9-l 1-CLA and (cis,cis)- 
10,12-CLA, and (4) (trans,trans)-9,l 1-CLA and (trans,trans)-10,12-CLA. 
Example 3 

This Example describes the purification of linoleate isomerase from L. reuteri. 

Detergent soluble protein fractions were prepared as follows. Frozen cells were 
thawed and suspended in breakage buffer on ice. The standard breakage buffer for Z. reuteri 
comprised 0.1 M Bis-Tris (Calbiochem Ultrol grade) pH 5.8 (4°C), 10 mM NaCl, 10% 
glycerol, 2 mM dithiothreitol. For other organisms, Tris buffer at pH 7.5 was used in place 
of Bis-Tris buffer. The cell suspensions were broken at 18,000 psi using a SLM Aminco 
French press. The extract was centrifiiged at 12,000 X g for 30 minutes. The supernatant 
was further fractionated by centrifugation at 100,000 X g for 90 minutes to yield a soluble 
fraction and a membrane pellet. The membrane pellets were resuspended (approximately 5 
mg/mL) and extracted with detergent buffer (0.1 M Bis-Tris pH 5.8, 0.25 M NaCl, 10% 
glycerol, 2 mM dithiothreitol, 0.3% octylthioglucopyranoside (OTGP, Calbiochem Ultrol 
grade)) at 4°C for 4-18 hours with gentle stirring using a magnetic flea. After centrifugation 
at 100,000 X g for 90 minutes, the supernatants {i.e., the detergent soluble protein fraction) 
were further purified by Method A, B or C, infra. 
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Method A 

Detergent soluble protein fractions were dialyzed overnight against low salt buffer 
(0.1 MBis-TrispH5.8, lOmM NaCl, 2 mM dithiothreitol 10% glycerol, 0.3%OTGP), and 
applied to a 2.1 X 15 cm DEAE-5PW column (TosoHaas) previously equilibrated with low 
salt buffer. The column was washed (4 mL/min) with the same buffer containing 1 M NaCl 
(high salt buffer). The results of this step are shown in Fig. 6. Protein concentration was 
monitored continuously at 280 nm. About 4 mL fractions were collected and assayed for 
isomerase activity. Isomerase activity in the extracts was measured at 20 ppm linoleic acid. 
Fractions with significant isomerase activity were combined and concentrated using an 
Amicon ultrafiltration cell. Concentrated fractions were then applied to a 1.6 X 55 cm 
Superdex-200 (Pharmacia) gel filtration column. The column was developed with a buffer 
comprising 0.1 M Bis-Tris pH 5.8, 0.2 M NaCl, 10% glycerol, 2 mM dithiothreitol, 0.3% 
OTGP at 0.5 mL/min. Fractions of 2.0 mL were collected and assayed for isomerase 
activity. Active fractions were collected, concentrated and applied to a hydroxylapatite 
column (Bio-Rad 5 mL CHT-II cartridge) equilibrated with 0.1 M Bis-Tris pH 5.8, 10 mM 
KH 2 P0 4 , 10% glycerol, 2 mM dithiothreitol, 0.3% OTGP, 0.2 M NaCl. The column was 
washed (1 mL/min) with increasing phosphate using the same buffer containing 400 mM 
KH 2 P0 4 with the results shown in Fig. 7. Active fractions were subjected to SDS PAGE 
using the Pharmacia Phast System on 12.5% acrylamide gels. The isomerase activity 
correlated with four bands on the gel, ranging from 45 to 70 kilodaltons (kD). 

Method B 

Detergent soluble protein fractions were applied to an affinity column. The affinity 
column was then sequentially washed (1 mL/min) with low salt buffer (75 mL), high salt 
buffer (50 mL) and linoleic acid buffer (100 mL) comprising 0.1 M Bis-Tris pH 5.8, 1 M 
NaCl, 0.3% OTGP, 2 mM dithiothreitol, 10% glycerol, 20% 1,2-propane diol. 

The affinity column was prepared as follows. Pharmacia EAH Sepharose 4B was 
washed and suspended as a slurry in deionized water. A five- fold excess of ligand (linoleic 
acid or oleic acid) was added in an equal volume of 1 ,2-propane diol. Solid N-ethyl-N'-(3- 
dimethylaminopropyl)carbodiimide hydrochloride (EDC) was added to 0.1 M, pH adjusted 
to around 5.0, and the slurry was mixed by slow inversion overnight at room temperature. 
The gel was collected on a glass fritted funnel and extensively washed successively with 
50% 1,2-propane diol, 0.1 M potassium acetate pH 4.0, 0.5 M NaCl, and 0.1 M tris pH 8.2. 
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The resin was then washed, suspended in low salt buffer and used to prepare a 1 .6 X 20 cm 
affinity column. 
Method C 

Detergent soluble protein fractions were purified by a chromatography using DEAE- 
5PW column as described in Method A. The fractions containing isomerase activity were 
combined, concentrated, and desalted by ultrafiltration. The resulting sample was applied 
to a Mono PHR 5/20 column (Pharmacia, 0.5 X 20 cm) which has been previously 
equilibrated with a buffer comprising 25 mM triethanolamine, 1 mM dithiothreitol, 0.3% 
OTGP at pH 8.3. The column was then eluted with a buffer comprising 1 0% Polybuffer 96 
(Pharmacia), 0.3% OTGP, 1 mM dithiothreitol at pH 6.5 and 1 mL fractions were collected. 
As shown in Fig. 8, some of the proteins were present in early fractions (fractions 5-15) and 
fractions containing isomerase activity were eluted typically between fractions 27 and 47. 
The fractions containing isomerase activity were combined and further purified by a 
chromatography using Superdex-200 gel filtration column as described in Method A. The 
fraction containing isomerase activity was eluted as a single band with a mass of about 160 
kD. This same band was run on a denaturing SDS-PAGE gel and resulted in a single band 
of about 70 kD. This 70 kD band was excised and subjected to N-terminal amino acid 
sequencing using techniques known to those skilled in the art. A partial N-terminal amino 
acid sequence of about 35 amino acids was deduced and is represented herein as SEQ ID 
NO: 1 . A protein having the sequence of SEQ ED NO: 1 is referred to herein as PCLA 35 . It 
should be noted that since amino acid sequencing technology is not entirely error-free, SEQ 
ID NO:l represents, at best, an apparent partial N-terminal amino acid sequence. 

The purification of the L. reuteri 9,11 -linoleate isomerase is summarized in Table 1 A. 
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TABLE 1A 

Lactobacillus reuteri 



Step 


Protein 


Total Activity 


Specific Activity 


Yield 


Crude extract 


1125 


2170 


1.93 


100 


Detergent soluble 


147 


836 


5.68 


38.5 


DEAE 


21.5 


529 


24.6 


24.4 


Chromatofocusing 


1.60 


148 


92.5 


6.8 


Gel filtration 


0.21 


86 


407 


3.9 



Protein in milligrams. Enzyme activity units are nanomoles CLA formed per minute. Specific activity 
is units per milligram protein. 



Example 4 

This example describes the procedure for determining presence of isomerase activity 
of a fraction or a protein. This example also describes a method for conducting a kinetic 
assay. 

Linoleic isomerase activity was assayed either via CLA quantification by gas 
chromatography as described in Example 2 or by spectrophotometry. The enzyme assay was 
carried out in 0.1 MTris buffer pH 7.5, lOmMNaCl, 1 mM dithiothreitol, with linoleic acid 
at 20 parts per million (ppm), unless otherwise noted. 

About 50 to about 250 |iL of enzyme sample was added to 1 .5 mL of enzyme assay 
buffer for reaction. About 1 to about 2 mL of aqueous phase was separated from the enzyme 
reaction and was extracted with about 3 mL of hexane. In some experiments, and with 
chromatography fractions containing detergent, 0.5 mL of methanol and 0.5 mL of 5 M NaCl 
solution were first added to enhance phase separation. The organic layer was separated and 
the absorbence at 234 nm was measured using a HP 8452A diode array spectrophotometer. 
Depending on the level of activity, assay mixtures of chromatography fractions were 
incubated at room temperature from about 1 to about 24 hours before extraction with hexane. 

Kinetic assays were performed directly in a 0.5 mL quartz cuvette at room 
temperature and were continuously monitored at 234 nm. Reactions were initiated by 
addition of linoleic acid from a concentrated stock prepared in 1,2-propane diol. Reaction 
buffer was the same as above except it contained 10% 1,2-propane diol 
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Example 5 

This Example shows the nucleic acid cloning and sequencing of a Lactobacillus 
reuteri linoleate isomerase nucleic acid molecule of the present invention. 

It should be noted that since amino acid sequencing and nucleic acid sequencing 
technologies are not entirely error-free, the sequences presented in this example and those 
below, at best, represent apparent sequences of a linoleate isomerase of the present invention. 

Two sets of fully degenerated oligonucleotide primers were synthesized, 
corresponding the sequences of the amino acid residues 1-7 and 23-29 of SEQ ID NO:l. 

The first oligonucleotide primer, designated CLAOl, had the following sequence: 
5'-cgt gaa ttc ATG TA(T/C) TA(T/C) (T/A)(C/G)N AA(T/C) GGN AA-3' 
(including an EcoRI site and 3 extra bases (shown as lower case letters) at the 5' end) (SEQ 
ID NO:2). 

The second oligonucleotide primer, designated CLA02, had the following sequence: 
5'-act gga tCC NAC (T/A/G)AT (A/G)AT NGC (A/G)TG (C/T)TT-3* 
(including an Bam HI site and 3 extra bases (shown as lower case letters) at the 5' end) (SEQ 
IDNO:3). 

PCR products were amplified from Z. reuteri genomic DNA under optimized PGR 
conditions and gel purified. A single band of PCR product with the expected size (about 1 00 
bp) was detected on 3% agarose gel. The PCR product was purified and cloned at the Srf 
I site into the vector pPCR-Script(Amp)SK(+) (Stratagen). Potential recombinant plasmids 
were analyzed by restriction digestion and sequenced. 

Four clones which were sequenced contain inserts of about 87 nucleotides with the 
same sequence (SEQ ID NO:4) denoted herein as nCLA 87 . The deduced amino acid 
sequence (SEQ ID NO:5) matches the N-terminal sequence of the linoleate isomerase 
identified in Example 3. A protein having the sequence of SEQ ID NO: 5 is referred to herein 
asPCLA 28 . 

An approach of inverse PCR amplification was used to clone the DNA fragments 
flanking the N-terminus coding sequence, nCL A 87 . Two oligonucleotide primers, designated 
CLA03 and CLA04 (SEQ ID NO:6 and SEQ ID NO:7, respectively) were designed for 
inverse PCR. CLA03 corresponded to nucleotides 25-41 of nCLA 87 (SEQ ID NO:4), and 
CLA04 nucleotides 46-67 of nCLA 87 (SEQ ID NO:4). 

Genomic DNA from Lactobacillus reuteri PYR8 was digested with the restriction 
enzyme Bam HI, treated with T4 DNA ligase to circularize the molecules, and the resulting 
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molecules were used as a template in PCR reactions. A PCR product of 592 nucleotides was 
purified and cloned at the Srf I site into the vector pPCR-Script(Amp)SK(+) (Stratagen) and 
sequenced. A 596 bp edited version of this molecule is denoted herein as nCLA 596 (SEQ ID 
NO:8). nCLA 596 contains both the 5' upstream and 3* downstream sequences of a linoleate 
isomerase gene. The site of Bam HI in the sequence would indicate the junction point. 
However, no Bam HI site was detected in the sequence. Therefpre, the sequence in nCLA 596 
was tentatively edited with reference to its ORF and the sequence nCLA 87 . This tentatively 
edited sequence contains an ORF of 475 nucleotides. The deduced amino acid sequence of 
this ORF is denoted PCLA 158 (SEQ ID NO:9). A protein having the sequence of SEQ ID 
NO:9 is referred to herein as PCLA 158 . 

The sequences immediately flanking CLA03 and CLA04 are identical to the 
sequence in nCLA 87 , confirming the identity of the cloned PCR product. 

nCLA 596 was labeled with 32 P and hybridized to a Southern blot of Lactobacillus 
reuteri PYR8 genomic DNA digested with different restriction enzymes. The partial 
linoleate isomerase sequence of nCLA 596 contains one Agel site and one Eco 581 site. As 
expected, two hybridization bands were observed on the Southern blot when the genomic 
DNA were digested with these two enzymes individually. Only one hybridization band was 
detected in the digests prepared with enzymes which do not cut the partial isomerase 
sequence such as BamHI, Hindlll, Pvul, Sail, and Xhol while a more diffused hybridization 
signal in the high molecular mass region (>10 kb) was observed with EcoRI, Sad and SphI 
digests. These data indicate that the linoleate isomerase gene is present as a single copy in 
the genome of Lactobacillus reuteri PYR8. 

In order to clone the entire linoleate isomerase gene, an approach of inverse PCR was 
followed. As set forth above, a restriction enzyme Agel site is present in the middle of SEQ 
ED NO:8 (nCLA 596 ) at nucleotide position 295. Southern hybridization showed two bands 
in Agel digests of L. reuteri PYR8 genomic DNA: about 1.1 and about 2.3 kb, respectively. 
Genomic DNA from L. reuteri PYR8 was digested with Agel, religated with T4 DNA ligase 
and used as template in a PCR reaction. Under optimized conditions, a PCR product of 
about 1 . 1 kb was generated using the primer set of CLA03 and CLA04 as well as a product 
of 2.3 kb using the primer set CLA05 and CLA06 (SEQ ID NO:12 and SEQ ID NO:13, 
respectively). CLA05 corresponds to nucleotides 326-342 of nCLA 596 and CLA06 
corresponds to nucleotides 396-414 of nCLA 596 . These results are consistent with the 
Southern blot data. 
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Both of the PCR products were cloned into pPCR-Script(Amp)SK(+) (Stratagen). 
The clone containing the 1.1 kb fragment is denoted nCLA, A and the clone with the 2.3 kb 
fragment is denoted nCLA 2 3 . Initially, about 700 nucleotides of sequencing data upstream 
from CLA03 in nCLA, , and about 700 nucleotides of sequencing data down-stream of 
CLA06 in nCLA 2 3 were obtained. The sequences of nCLA 596 , partial nCLA, and partial 
nCLA 2 3 were edited to generate a composite sequence denotectherein as nCLA n09 (SEQ ID 
NO: 10). The deduced amino acid sequence of SEQ ID NO: 10 is represented herein as SEQ 
ID NO:ll. A protein having the sequence of SEQ ID NO: 11 is referred to herein as 
PCLA 324 . 

nCLA 170 9 contains part of the isomerase coding sequence as well as 5* upstream 
sequence. The 737 nucleotide sequence upstream from the ATG codon corresponding to the 
first amino acid of the purified polypeptide was compared against known sequences by using 
Blastx (open reading frames) and Blastn (nucleotides) searches of the BLAST network. No 
significant homology has been found with any entry, with the score being below 176 for 
Blastn and 153 for Blastx. The coding sequence downstream from the ATG start codon 
showed a homology with 67 kD myosin-crossreactive streptococcal antigen from 
Streptococcus pyogenes (U09352): 69% identity at the amino acid level and 66% at the 
nucleotide level. The longest stretch of identical nucleotides is of 23 nucleotides. The 
isomerase coding sequence shows also a homology to an ORF from Staphylococcus aureus 
(LI 9300): 62% identity at both the amino acid level and the nucleotide level. 

Subsequent to the initial sequencing of nCLA, , and nCLA 23 , both clones were 
completely sequenced (SEQ ID NO: 14 and SEQ ID NO: 15, respectively) and these 
sequences, along with the sequence of nCLA 596 (SEQ ID NO: 8), were assembled to generate 
a nucleic acid sequence of 3551 nucleotides, which is denoted nCLA 3551 and which is 
represented herein by SEQ ID NO: 1 6. SEQ ID NO: 1 4 spans from nucleotide 1 to 1 1 73 of 
SEQ ID NO: 16, and SEQ ID NO: 1 5 spans from nucleotide 1 1 74 to 355 1 of SEQ ID NO:.l 6. 

nCLA 3551 contains three open reading frames (Fig. 9; ISOM, D and E), with the first 
ORF (Fig. 9, ISOM) being an about 1 .8 kb nucleic acid molecule spanning from nucleotide 
positions 1000 to 2775 of SEQ ED NO: 16, and represented herein as SEQ ID NO: 17. SEQ 
ID NO: 1 7 encodes a linoleate isomerase of the present invention. A nucleic acid molecule 
having a nucleic acid sequence represented by SEQ ID NO: 17 is referred to herein as 
nCLA 1776 , and encodes an approximately 67 kD (deduced) protein of 59 1 amino acid residues 
having an amino acid sequence represented by SEQ ID NO: 1 8. A protein having amino acid 
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sequence SEQ ID NO: 18 is referred to herein as PCLA 591 . The deduced size of PCLA 591 is 
consistent with the size of the purified isomerase protein determined on an SDS gel. Seven 
nucleotides upstream from the initiation codon of this first ORF (SEQ ID NO: 17) is a 
sequence similar to the consensus ribosome-binding-site which has been reported in 
Lactobacillus, Also, upstream from this first ORF are sequences similar to -10 and -35 
promoter sequences. These sequence characteristics are consistent with a conclusion that the 
start codon at position 1000 of nCLA 3551 is the translation start codon. Alternatively, the 
sequence of nCLA 3551 has, upstream from the first ORF, at 36 nucleotides upstream from the 
start codon at position 1000, in frame, two ATG start codons in tandem. If one of these 
codons is a translation start codon, then a leader peptide of about 12 amino acids may be 
produced which is subsequently cleaved to form a mature isomerase. . 

The complete coding sequence for the linoleate isomerase gene determined as 
described above (SEQ ID NO: 1 7) was compared against known sequences by using Blastx 
(open reading frames) and Blastn (nucleotides) searches of the BLAST network. The 
linoleate isomerase encoded by SEQ ID NO: 1 7 showed 67% identity at the nucleic acid level 
and 70% identity at the amino acid level with the previously-mentioned Staphylococcus 
pyogenes (U09352) 67 kD rriyosin-crossreactive streptococcal antigen. The Staphylococcus 
pyogenes (U09352) protein has 590 amino acid residues. The homology between the 
linoleate isomerase encoded by SEQ ID NO: 17 and the above-described Streptococcus 
aureus (LI 9300) gene is slightly lower: about 60% at the nucleic acid level and about 62% 
at the amino acid level. The BLAST 2.0 search parameters were the standard default values 
as described above. No defined functions have been previously described for either the 
Streptococcus pyogenes (U09352) or the Staphylococcus aureus (L19300) sequences. 

The second open reading frame of nCLA 3551 (Fig. 9, E) is from nucleotide positions 
2896 to 3551 of SEQ ID NO:16, and is represented by SEQ ID NO:19. A nucleic acid 
molecule having SEQ ID NO: 19 is referred to herein as nUNKl 656 which encodes a protein 
of about 218 amino acid residues having an amino acid sequence of SEQ ID NO:20. A 
protein having SEQ ID NO:20 is referred to herein as PUNK1 218 . The function of PUNK1 218 
is unknown. The sequence of nUNKl 656 was compared with known sequences for homology 
and no significant homology was identified. This second reading frame is located 122 
nucleotides downstream from the first open reading frame (SEQ ID NO: 17) encoding the 
linoleate isomerase. 
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The third open reading frame of nCLA 355! (Fig. 9, D) is located on the strand of 
nCLA 3551 that is complementary to SEQ ID NO: 16, and is represented herein as SEQ ID 
NO:21. SEQ ID NO:21 is positioned on the strand that is complementary to nucleotide 
positions 1 through 726 of SEQ ED NO: 16, with start codon 275 nucleotides up-stream from 
position 1 000 of the putative start codon of SEQ ID NO: 1 7. A nucleic acid molecule having 
SEQ ID NO:21 is referred to herein as nCSN 726 which encodes at least a portion of a protein 
having an amino acid sequence of SEQ ID NO:22. The C-terminal portion of the protein 
comprising SEQ ID NO:22 was not present in the isolated clones. A 242 amino acid residue 
protein having SEQ ID NO:22 is referred to herein as PCSN 242 . A database search (BLAST 
2.0) showed that the nucleic acid sequence of this third ORF (SEQ ID NO:21) is about 66% 
identical to a competence-specific nuclease (DNA entry nuclease) from Streptococcus 
pneumoniae (Q03158), with the amino acid sequence SEQ ID NO:22 being about 51-72% 
identical to the amino acid sequence for this competence-specific nuclease. Therefore, it is 
believed to be possible that the third ORF identified on the complementary strand of SEQ 
ID NO: 16 encodes a competence-specific nuclease. 

Example 6 

The following example demonstrates the cloning of sequences flanking the isomerase 
gene in the L. reuteri PYR8 genome. 

A third round of inverse PCR was carried out on the circularized genomic DNA from 
Lactobacillus reuteri PYR8 as described in Example 5. This third round was designed to 
clone more sequences flanking the isomerase gene. Two oligonucleotide primers, designated 
CLAo9 and CLAolO (SEQ ID NO:23 and SEQ ID NO:24, respectively) were designed for 
this round of PCR. CLAo9 (SEQ ID NO:23) was designed close to the 5' end of the 
sequence of nCLA 3551 (nucleotides 63-40 of SEQ ID NO:16). CLAolO was designed to 
correspond to the 3' end of the nCLA 3551 sequence (nucleotides 3505-3522 of SEQ ID 
NO: 16). 

More particularly, L reuteri PYR8 genomic DNA was digested with Sail, religated 
and amplified with oligonucleotide primers CLAo9 and CLAolO. A PCR product of about 
3.5-4.0 kb was cloned into pPCR-Script Amp SK(+) and sequenced. This nucleic acid 
molecule was denoted nSAL 3684 and is represented herein by SEQ ID NO:25. 

The identity of nSAL^ was confirmed by the sequences flanking the primers 
CLAo9 and CLAolO. The sequence nSAL 368 4 contains a unique Sail site, which indicates 
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the junction point of the inverse PCR product. Therefore, the sequence nS AL^g was spliced 
at the Sail site and added to the 3' and 5' ends of the sequence of nCLA 3551 (SEQ ID NO: 1 6). 
This approximately 7 kb nucleic acid molecule is denoted nCLA 7J 13 and is represented herein 
by SEQ ID NO:26. 

The approximately 7 kb L. reuteri PYR8 genomic DNA (SEQ ID NO:26) contains 
6 open reading frames, schematically illustrated in Fig. 9. Thsre are four ORF's (A, B, C 
and D) located 5' upstream of the isomerase gene (ISOM) and one ORF located 3 f 
downstream of the isomerase gene. 

The first open reading frame of nCLA 71 13 (Fig. 9, A) spans from nucleotide positions 
1 to 941 of SEQ ID NO:26, and is represented by SEQ ID NO:27. A nucleic acid molecule 
having SEQ ID NO:27 is referred to herein as nBSP 941 which encodes a protein of about 3 1 2 
amino acid residues having an amino acid sequence of SEQ ID NO:28. A protein having 
SEQ ID NO:28 is referred to herein as PBSP 312 . A database search (BLAST 2.0) showed that 
the amino acid sequence (SEQ ID NO:28) of the protein encoded by this first ORF A (SEQ 
ED NO:27) is about 56% identical and 74% similar (using standard BLAST 2.0 parameters) 
to a permease from Bacillus subtilis (p54425). Therefore, it is believed to be possible that 
the first ORF A of SEQ ID NO:26 encodes a permease. 

The second open reading frame of nCLA 7113 (Fig. 9, B) spans from nucleotide 
positions 1 146 to 1745 of SEQ ID NO:26, and is represented by SEQ ID NO:29. A nucleic 
acid molecule having SEQ ID NO:29 is referred to herein as nUNK^o which encodes a 
protein of about 199 amino acid residues having an amino acid sequence of SEQ ID NO:30. 
A protein having SEQ ED NO:30 is referred to herein as PUNK2 199 . The function of 
PUNK2 199 is unknown. The sequence of nUNK2 600 was compared with known sequences 
for homology and no significant homology was identified. The highest Blastp score using 
standard defaults was 5 1 . 

The third open reading frame of nCLA 71 13 (Fig. 9, C) spans from nucleotide positions 
1742 to 2590 of SEQ ID NO:26, and is represented by SEQ' ID NO:31. A nucleic acid 
molecule having SEQ ID NO:31 is referred to herein as nUNIG^ which encodes a protein 
of about 282 amino acid residues having an amino acid sequence of SEQ ED NO:32. A 
protein having SEQ ID NO:32 is referred to herein as PUNK3 2g2 . The function of PUNK3 282 
is unknown. The sequence of nUNK3g4 9 was compared with known sequences for homology 
and no significant homology was identified. The highest Blastp score using standard 
defaults was 68. 
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The fourth open reading frame of nCLA 7u3 (Fig. 9, D) spans from nucleotide 
positions 2662 to 3405 of SEQ ID NO:26, and is represented by SEQ ED NO:33. A nucleic 
acid molecule having SEQ ID NO:33 is referred to herein as nCSN 744 which encodes a 
protein having an amino acid sequence of SEQ ID NO:34. A 247 amino acid residue protein 
having SEQ ID NO:34 is referred to herein as PCSN 247 . PCSN 242 (SEQ ID NO:22), 
described above in Example 5 (the third ORF identified in nCLA 3551 ) is included in PCSN 247J 
spanning from amino acid position 1 to 242 of SEQ ID NO:34. Similarly, the nucleic acid 
sequence of nCSN 726 (SEQ ID NO:21) spans from nucleotides 1 to 726 of SEQ ID NO:33. 
A database search (BLAST 2.0) showed that the amino acid sequence SEQ ID NO:34 is 
about 57% identical and about 71% similar (using standard parameters) to the amino acid 
sequence for the above-mentioned Streptococcus pneumoniae competence-specific nuclease. 

The fifth open reading frame of nCLA 7U3 (Fig. 9, ISOM) is a nucleic acid molecule 
(nCLA 1776 , SEQ ID NO: 17) encoding the linoleate isomerase (PCLA 591 , SEQ ID NO: 18) of 
the present invention, as described above in Example 5. 

The sixth open reading frame of nCLA 71 13 (Fig. 9, E) spans from nucleotide positions 
5574-7113 of SEQ ED NO:26, and is represented by SEQ ID NO:35. A nucleic acid 
molecule having SEQ ED NO:35 is referred to herein as nUNKl , 540 which encodes a protein 
having an amino acid sequence of SEQ ID NO:36. A 5 1 3 amino acid residue protein having 
SEQ ID NO:36 is referred to herein as PUNK1 5!3 . PUNK1 218 (SEQ ID NO:20), described 
above in Example 5 (the second ORF identified in nCLA 355J ) is included in PUNK1 513 , 
spanning from amino acid position 1 to 218 of SEQ ID NO:36. Similarly, the nucleic acid 
sequence of nUNKl 656 (SEQ ID NO: 19) spans from nucleotides 1 to 656 of SEQ ID NO:35. 
The sequence of nUNKl 1540 was compared with known sequences for homology and no 
significant homology was identified. The highest Blastp score for PUNK1 513 using standard 
defaults was 51. The C-terminal sequence of PUNK1 513 is incomplete. 

The isomerase gene is very likely transcribed as a monocistron. This conclusion is 
based on two observations. First, the ORF that is located immediately upstream from the 
isomerase gene (Fig. 9, D) is coded on the opposite strand. Secondly, a reverse-repeat DNA 
sequence was observed in the region downstream from the stop codon of the isomerase gene 
(Fig. 1 0). This 28 nucleotide structure (SEQ ID NO:37), starting at the base 6 after the stop 
codon, has only one unmatched base. This structure could function as a rho-dependent stem- 
loop transcription terminator of the isomerase gene. Therefore, it is concluded that the 
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isomerase gene is most likely transcribed as a monocistron and that the open reading frame 
downstream from the isomerase gene seems to be in a separate transcription unit. 

Linoleate isomerase from L. reuteri is a membrane protein since its activity is 
detected mostly in membrane fraction of cellular protein extracts and detergent is needed to 
solubilize the enzyme. Consistent with this data, the hydrophilicity plot of the isomerase 
ORF shows a major hydrophobic domain close to the N-terminal sequence, from amino acid 
residue 27 through 42. This hydrophobic domain may function as a transmembrane segment 
as well as part of an uncleaved signal peptide, which plays an important role in directing the 
protein into the membrane. Also, it is interesting to notice that the peptide contains 4 
cysteine residues at amino acid positions 89, 1 24, 336 and 430, suggesting the native protein 
may have one or two internal disulfide bonds. 
Example 7 

The following example demonstrates the expression of L. reuteri linoleate isomerase 
in £. coli. 

Two oligonucleotides were synthesized to amplify the isomerase gene (Promoter- 
ORF-Terminator) from L. reuteri PYR8 genomic DNA (described in Example 5). 
Nucleotide CLAo7 (SEQ ID NO:38), the forward primer, corresponds to the positions 3296 
through 3314 of the sequence nCLA 7113 (SEQ ID NO:26) and it includes a Sail site and 3 
extra bases at the 5' end (lower case): 
5'-gcagtcgacGGAGTTAAGACTGAATTAG-3' 

The nucleotide CLA08B (SEQ ID NO:39), the reverse primer, corresponds to the 
positions 5577 through 5593 of the sequence nCLA 7U3 (SEQ ID NO:26) and it includes a 
Sail site and 3 extra bases at the 5 ! end (lower case): 
5 , -ctagtcgacGCAGTTTCTGTCATGAC-3' 

The PCR product of 2.3kb was ligated with blunt ends into pPCR-Script(Amp)SK 
at the Srfl site. Ligated DNA was transformed into E. coli cells. Clones with inserts in both 
orientations were selected and tested for expression of the isomerase gene. In the construct 
#1 (Fig. 11), the isomerase gene was placed downstream from the lac promoter. In the 
construct #2 (Fig. 1 1), the isomerase gene was placed reverse to the lac promoter. 

To detect isomerase activity, E. coli cells transformed with the different isomerase 
constructs were grown to mid log phase, induced with or without IPTG for 1 to 3 hours and 
harvested for testing in an isomerase activity assay. Linoleic acid was incubated with E. coli 
cells (biotransformation) or with a crude cell lysate. Fatty acids were extracted by hexane 
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and analyzed on gas chromatography. With both plasmid construct #1 and plasmid construct 
#2 in E. coli, no isomerase activity was detected by biotransformation or by crude cell lysate. 
SDS-gel analysis, however, showed that IPTG induced expression of a 67 kD protein in cells 
transformed with construct #1 . The size of the expressed isomerase protein is that predicted 
from the isomerase gene sequence analysis and is in good agreement with the size of the 
native isomerase purified from L. reuteri PYR8. The lack of catalytic activity may be a 
result of incorrect folding and/or membrane insertion of the isomerase in the heterologous 
system. 

pET vectors were used to develop isomerase gene constructs where the isomerase 
coding sequence is fused to a His tag at the C-terminus. Using a commercial antibody 
specific to His tag, it would be possible to monitor the levels of isomerase-His tag fusion 
protein synthesized in E. coli, Lactobacillus, Bacillus, or any other appropriate expression 
host by Western blot analysis, even if the enzyme was inactive. Since the constructs would 
be made with E. coli plasmids, E. coli systems could be used to test the method. The 
isomerase-His tag protein was expressed in E. coli to produce large amounts of isomerase 
protein. This protein can be further purified under denaturing conditions with nickel 
columns and used in the production of antibodies specific to the L. reuteri PYR8 linoleate 
isomerase (See Example 10). Isomerase expression in the native host and recombinant 
systems can be monitored with these antibodies. Additionally, the antibodies can be used 
in immunoscreening to identify new microorganism strains that produce linoleate 
isomerases, and eventually to aid in the cloning of additional linoleate isomerase genes. 

In additional experiments, E. coli transformed with and expressing the PYR8 
isomerase gene with a His tag (construct #3, Fig. 1 1) were grown under standard conditions 
to study expression of the isomerase protein. On Coomassie Blue stained SDS gel, a band 
between 60 and 70 kD was predominant in the cell lysate. This band was present at a high 
level even before induction. The addition of IPTG, however, induced a very strong . 
overproduction of the protein (data not shown). The highest expression level was achieved 
two hours after IPTG induction. This protein band was strongly recognized by anti-His tag 
antibody on Western blot, confirming that this protein corresponds to the correct linoleate 
isomerase fusion protein (data not shown). 

The cells expressing the linoleate isomerase gene were harvested four hours after 
IPTG induction and analyzed to determine the location of the isomerase-His fusion protein. 
Fig. 13 outlines the experimental protocol for the preparation of different protein fractions. 
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Briefly, E. coli cells expressing the isomerase-His tag fusion protein were lysed in a non- 
denaturing buffer with lysozyme and broken by sonication. The total cell lysate was 
centrifuged at low speed to pellet the inclusion bodies. The crude inclusion bodies were 
washed twice with 0.25% Tween 20 and 0.1 mM EGTA. The proteins retained in the 
washed pellets were highly insoluble aggregates of improperly folded peptides (inclusion 
bodies). The supernatant generated by low speed centrifugation of the total cell lysate was 
subjected to an ultra centrifugation step to separate membrane (pellet) from soluble proteins. 
Detergent was used to solubilize membrane proteins, which were then separated from other 
insoluble membrane components by ultra-centrifugation. The total cell lysate and different 
protein fractions were analyzed on SDS gel and by Western blot. In the total cell lysate of 
E. coli cells expressing the isomerase gene, only the protein band between 60 and 70 kD can 
be seen after Coomassie staining. This protein band was recovered in the inclusion body 
fraction and was confirmed to be the isomerase-His tag fusion protein by Western blot. 
Under the conditions used in these experiments, the antibody did not cross-react with other 
proteins in the cell lysate of E. coli that did not contain the isomerase gene construct. The 
amount of fusion protein in the soluble and membrane fractions was under the detectable 
limit. The fusion protein in the inclusion body fraction was extensively washed with EGTA 
and Tween 20 to remove other contaminant proteins. The purified peptide will be used to 
produce antibodies specific for the PYR8 linoleate isomerase (See Example 10). 

Additional strategies for expressing a linoleate isomerase of the present invention 
include, but are not limited to: (1) deleting the single hydrophobic domain of the sequence 
to try to convert the isomerase into a functional soluble protein for use in determination of 
fusion protein synthesis, solubility and isomerase activity; (2) developing constructs for 
production of the isomerase in Z. reuteri using both the native promoter and non-native 
inducible or constitutive promoters, including an isomerase-His tag fusion gene under the 
control of the isomerase native promoter; (3) cloning the promoter from the erythromycin 
resistance gene for control of isomerase gene expression in L. reuteri ATCC 23272; and (4) 
knocking out the wild-type linoleate isomerase gene in the native L. reuteri PYR8 strain and 
recovering the activity by transforming the strain with the cloned isomerase gene. In this 
fourth strategy, a plasmid has been generated to knock out the wild-type gene which contains 
a non-functional isomerase gene interrupted by an erythromycin resistance gene as a 
selectable marker. 
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Example 8 

The following example describes expression of a linoleate isomerase of the present 
invention in Bacillus. 

To express the L. reuteri PYR8 linoleate isomerase gene described in Example 5 in 
Bacillus subtilis and Bacillus licheniformis, two oligonucleotides were synthesized to 
amplify isomerase coding sequence from L. reuteri genomic^DNA. The forward primer 
(SEQ ED NO:40) corresponds to nucleotide positions 3678 through 3706 of nCLA 7l , 3 (SEQ 
ID NO:26), with a Ndel site containing the ATG start codon at the 5' end (lower case): 
5'catATGTATTATTCAAACGGGAATTATGAAGC-3\ 

The reverse primer (SEQ ID NO:41 ) corresponds to nucleotide position 5579 through 
5602 of the sequence nCLA 7113 (SEQ ID NO:26) with a Bell site at the 5' end (lower case): 
5'tgatcaTCTATACCAGCAGTTTCTGTCATG-3'. 

The PCR product of 1 .9kb was cloned as blunt ends at the Srfl site into pPCR-Script 
Amp SK and transformed into cells of E. coli strain NovaBlue. Since dam methylation in 
this host prevents Bell digestion, the recombinant plasmid was transformed into cells of E. 
coli strain GM2 1 63 , which is a dam minus strain. Recombinant plasmid DNA was digested 
with the restriction enzymes Ndel and Bell and ligated to the vector pBHAI which had been 
digested with Ndel and BamHI. Recombinant plasmid DNA was digested with Sad to 
remove the E. coli portion of the vector, recircularized, and transformed into B. subtilis 
23856. 

In this construct, the isomerase coding sequence was placed under the control of the 
Hpall promoter (Fig. 12, #1 construct) and its native ribosome-binding site was replaced by 
the counterpart in the vector. Clones of transformants were grown to mid-log phase and then 
harvested for biotransformation of linoleic acid. No CLA was detected by GC analysis in 
the hexane extract of fatty acids. However, after incubation for 1 hour, 2 hours, and 3 hours, 
the level of linoleic acid decreased drastically, being about 40% after a 3 hour incubation. 
The same results were observed with all sixteen B. subtilis clones tested. The use of linoleic 
acid was dependent on the presence of the cloned isomerase gene since the level of linoleic 
acid was constant during the incubation of B. subtilis wild type cell without the plasmid and 
the cells transformed with the empty vector. The same results were observed when the 
isomerase construct was transformed into B. licheniformis T399. 

Experiments were carried out to investigate why CLA did not accumulate while 
linoleic acid was used up. One possibility was that linoleic acid might be converted to CLA, 
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which was rapidly metabolized or degraded. That implied that B. subtilis and B. 
licheniformis cells have the ability to metabolize CLA. To test this hypothesis, Bacillus wild 
type cells and cell transformed with the isomerase gene construct were incubated with single 
9,11 isomer produced in a biotransformation using Z. reuteri PYR8 cells and with 
chemically synthesized CLA, which contains 9,1 1 and other CLA isomers. Bacillus cells 
could not metabolize the CLA. The same conclusion was also drawn with crude cell extracts. 

Furthermore, a peak of unknown product (retention time = 20 minutes) on GC spectra 
of the biotransformation with cells containing the isomerase gene was observed. Also, the 
conversion of linoleic acid and formation of the unknown product seemed to be at a 1 : 1 ratio. 
Preliminary GC-MS analysis indicated that this unknown product has a molecular weight 
consistent with that of a hydroxy lated linoleic acid derivative. Further structural analysis by 
different methods may help to determine the identity of the product. 

Without being bound by theory, the present inventors believe that this unknown 
product may be an intermediate of linoleic acid conjugation. When this product was 
incubated with L. reuteri PYR8 cells or crude enzyme extracts, however, it could not be 
converted to CLA. It is possible that the intermediate has to be bound with the enzyme or 
membrane during the conjugation, and once it is released the conjugation could not be 
completed. 

Further experiments include developing a series of constructs based on the vector 
pLATIO to explore the advantage of including the His tag (Fig. 12). pLATIO is a plasmid 
that can be used to directly transform B. subtilis ' and B. licheniformis. It has the promoter, 
coding sequence and the terminator of the LAT gene encoding a-amylase. Also present is 
a signal peptide sequence for mobilizing proteins into or across the Bacillus membrane. In 
construct #2, the isomerase coding sequence was placed under amylase promoter control as 
a fusion to its signal peptide. Normally, the LAT signal sequence directs the protein into or 
across the membrane. Soluble proteins typically are secreted into the culture broth and in 
the process, the signal peptide is removed by specific proteases. Membrane proteins migrate 
to and integrate into the membrane. Since the hydrophobic domain of the isomerase peptide 
may function both as an uncleaved signal sequence and transmembrane segment in L. 
reuteri, it is not known if such a domain of the protein would interfere with the proper 
function of the secretion machinery in Bacillus and the LAT signal-isomerase may not fold 
into proper conformation. In construct #3 (Fig. 12), the entire coding sequence of the 
isomerase gene is fused to His tag at the C-terminus while in construct #4, the isomerase 
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sequence without the hydrophobic domain is fused to His tag. In constructs #5 and #6, the 
secretion signal peptide is removed. With these new constructs, it can be determined 
whether the isomerase protein is synthesized in Bacillus cells and in which cellular fractions 
the protein is located. 
Example 9 

The following example demonstrates the expression ©f the L. reuteri PYR8 (cis, 
trans)-9, 11-linoleate isomerase gene off of the native PYR8 promoter in L. reuteri (type 
strain) ATCC 23272. 

Z,. reuteri PYR8 isomerase gene (promoter-ORF-terminator) was amplified from 
PYR8 genomic DNA using the primer pair CLAo7 (SEQ ID NO:38, see Example 7) and 
CLA08B (SEQ ED NO:39, see Example 7). The PCR amplified isomerase gene product (2.3 
kb) contained the complete coding sequence plus 381 bp of immediately upstream sequence 
containing the native promoter, as well as downstream sequence containing the putative 
transcription terminator (up to 124 bp downstream from the stop codon). The PCR product 
was cloned with blunted ends into pPCR-Script Amp SK (+). The isomerase gene was 
isolated from the recombinant plasmid by Sal I digestion and ligated with the 
Lactobacillus/E.. coli shuttle vector pTRKH2, which had been predigested with Sal I. The 
ligated DNA was transformed into E. coli cells. Transformants were selected and checked 
by restriction analysis. The recombinant plasmids with the isomerase gene positioned either 
under control (downstream), or reverse to, the lac promoter were transformed into cells of 
L. reuteri ATCC 23272 (type strain) by electroporation. 

Ceils of L. reuteri 23272 transformed with the isomerase gene under control of or 
reverse to the lac promoter were grown at 37°C for 28 hours before harvesting. Total cellular 
protein was analyzed by SDS-PAGE and Western Blot. A new protein band of about 70 kD 
was detected with rabbit antibodies specific for L. reuteri PYR8 isomerase in the cells of 
both types of transformants. This indicates that the promoter sequence of I. reuteri PYR8 
linoleate isomerase gene functions in L. reuteri 23272. 

Although a substantial amount of protein was produced, the transformed L. reuteri 
23272 cells did not show measurable enzyme activity. Neither CLA nor the hydroxylated 
linoleic acid derivative (formed in B. subtilis) was detected in the linoleic acid 
biotransformation assay. It is still not clear if the protein was produced as a membrane 
protein integrated into the membrane, or as an inclusion body (similar to expression of the 
gene from the T7 promoter in E. coli). It is unlikely that the protein is produced in soluble 
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form. The present inventors are currently investigating methods to improve the quality of 
the PYR8 isomerase gene constructs, including confirmation of nucleic acid sequence, and 
methods to induce the measurable enzyme activity in the transformed cells. 
Example 10 

The following example describes the production and characterization of a rabbit 
antibody made from the cloned L reuteri PYR8 (cis, trans)-9^1 1-linoleate isomerase gene 
in Escherichia coli. 

An L. reuteri (cis, trans)-9, 1 1-linoleate isomerase-histag fusion protein was 
synthesized in E. coli as inclusion bodies as described in Example 7 and was further purified 
under denaturing conditions using His-Bind Resin and Buffer kit (NOVAGEN, Catalogue 
# 70239-3), following the vendors protocols. The purified isomerase protein was used to 
immunize two rabbits. Serum collected from the fourth bleeding was tested in Western Blot 
analysis (Fig. 42). Fig. 42 shows that the rabbit antibodies showed a strong specificity for 
the isomerase produced in its native host L. reuteri PRY8 and for isomerase expressed in 
heterologous hosts, although a low background level of cross-reaction was observed when 
protein samples were overloaded. 

The antibodies showed a very strong signal with L. reuteri isomerase-histag fusion 
protein expressed in E. coli (Fig. 42, lane 1). B. subtilis transformed with construct #1 (See 
Fig. 12: isomerase coding sequence under the Hpall promoter control in the plasmid vector 
pBHl) produced a protein of about 70 kD which could be seen on Coomassie-Blue stained 
SDS-gel (data not shown). This protein band was readily detected by the rabbit antiserum 
(Fig. 42, lane 4). This signal was not detected in wild type cells of Bacillus subtilis (Fig. 42, 
lane 3). The antibodies recognized a peptide of about 70 kD in L. reuteri 23272 cells 
transformed with constructs containing the L. reuteri PYR8 isomerase gene (Fig. 42; lane 
5: L. reuteri Thill wild type; lane 6: L. reuteri 13111 transformed with the vector pTRKH2 
containing the isomerase gene under the control of both its native promoter and the lac 
promoter; and lane 7: L. reuteri 13111 transformed with the vector pTRKH2 containing the 
isomerase gene under the control of its native promoter; See Example 9). 

The rabbit antibodies reacted specifically with the 70 kD linoleate isomerase 
synthesized in the native L. reuteri PYR8 (Fig. 42, lane 2). The present inventors attempted 
to detect cross-reaction of the antibodies with (cis, trans)-9, 1 1-linoleate isomerase of C 
sporogenes and (trans, cis) -10, 12-linoleate isomerase of P. acnes. A highly purified P. 
acnes isomerase showed a single protein band of about 55 kD on SDS gel (data not shown). 
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The rabbit L. reuteri PYR8 antibody recognized the 55 kD P. acnes (trans, cis)-10, 
12-linoleate isomerase in a total cell lysate (Fig. 42, lane 8). Similarly, the L. reuteri PYR8 
antibody reacted with the 45 kD (cis, trans)-9, 1 1 -linoleate isomerase of C. sporogenes (Fig. 
42, lane 9). Significant nonspecific antibody cross-reaction was observed with C. sporogenes 
lysates and to a lesser extent with the P. acnes lysates. 
Example 1 1 * 

The following example describes the purification of linoleate isomerase from 
Propionibacterium acnes. 

P. acnes ATCC 6919 is the only microorganism known to produce /ra/2.sl0,c/5 12- 
CLA directly from linoleic acid. Experiments described in Example 1 using whole cells 
confirmed the presence of a 10, 12-linoleate isomerase in this organism. Enzyme extracts 
were prepared by French Press. Fig. 14 shows the formation of trans\0,cisl2-CLA from 
linoleic acid using whole cells of P. acnes. Cultures were grown anaerobically to stationary 
phase in a complex brain heart infusion medium, harvested and resuspended in the same 
medium containing 500 ppm linoleic acid. Cells were incubated aerobically with shaking 
at ambient temperature. The level of linoleic acid decreased about 50% in 24 hours. About 
half of this missing linoleic acid could be detected as trans\0,cisl2-CLA. No cis9 y transl 1- 
CLA was observed. With prolonged incubation, the level of trans\0,cis\2-CLA changed 
only slightly, while nearly all remaining linoleic acid disappeared. At present it is unclear 
how linoleic acid is metabolized in this organism. In other experiments, transl 0,cis 12-CLA 
rose in concentration, but later disappeared completely, as did all of the linoleic acid (results 
not shown). This suggests that trans\0,cis 12-CLA may be subject to further metabolism, 
possibly by a reductase. Linoleic acid may also be a substrate for enzymes other than the 
isomerase. 

Enzyme extracts were prepared by French Press and the extract fractionated as 
outlined in Fig. 15. Taking the total isomerase activity in fraction A as 100%, over 93% of 
the activity was detected in the soluble protein fraction (B); Less than 1% of the isomerase 
activity was found in the washed pellet, or membrane fraction (C). Approximately 2% of 
the activity was located in the buffer fraction (D), after the pellet washing and centrifugation 
steps. Thus, the P. acnes isomerase clearly is not a membrane protein, unlike the isomerase 
activities in L reuteri PYR8 and other strains examined to date. 

Isomerase activity, using a crude soluble enzyme preparation, was not significantly 
affected by overnight dialysis. A number of possible cofactors were tested for their effect 
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on isomerase activity, including NAD, NADH, NADP, NADPH, FAD, FMN, ADP, ATP 
and glutathione. No significant effect was observed in 60 minute assays with any of these 
compounds. Calcium and magnesium also had no effect. Isomerase activity was not 
inhibited by the chelators EDTA (5 mM) or 1,10-phenanthroline (1 mM), or the sulfhydryl 
reagents p-chloromercuribenzoate (5 |iM) or N-ethylmaleimide (100 ^M). 

The effect of pH on enzyme activity in crude extracts w#s examined. The isomerase 
activity exhibits a pH optimum centered around 6.8 (Fig. 16). 

Formation of CLA was determined by measuring the absorbence at 234 nm. Fig. 1 7 
shows a typical time course experiment using the crude isomerase extract as enzyme source. 
Generally, the isomerase was assayed using an endpoint assay after 30 to 60 minutes 
incubation at room temperature. Fig. 18 (time course assay at different linoleic acid levels) 
and Fig. 19 (end point assay at different linoleic acid levels) show the effect of increasing 
substrate concentration on formation of linoleic acid. These data suggest that the enzyme 
in P. acnes is not subject to the same type of substrate inhibition observed in the linoleic acid 
isomerases of C. sporogenes, L. reuteri and B.fibrisolvens. 

The effect of temperature on isomerase activity has been examined to a limited 
- extent. The enzyme works very slowly at 4°C, demonstrating much better activity at room 
temperature. CLA formation was virtually the same at 37 *C as at room temperature (data 
not shown). These results again differ significantly from those observed with the particulate 
L. reuteri isomerase. 

Purification of the linoleate isomerase in P. acnes was initiated. Following 
preparation of a centrifuged crude extract, samples were applied to several columns to 
determine applicability and suitable conditions. Typical chromatograms for some of these 
pilot experiments are shown in Fig. 20 and Fig. 21 for DEAE and hydrophobic interaction 
chromatography (HIC), respectively. The initial purification trial consisted of DEAE 
followed by HIC and gel filtration chromatography. After these three columns, however, 
multiple bands were seen on SDS PAGE. , 

This initial attempt at purification clearly highlighted the need to optimize separation 
conditions. The DEAE step was optimized further by altering the salt gradient program. 
Following a linear gradient to 0.175 M NaCl, the salt level was held at this level for 70 ml. 
The isomerase eluted at this point, after which time the gradient was continued to elute other 
proteins. 
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The isomerase binds very tightly to the phenyl HIC column, and is only released with 
ethylene glycol. A large number of other proteins were also released, however, with 
stepwise exposure to 20% ethylene glycol. The HIC chromatography step was altered by use 
of an ethylene glycol gradient from 5 to 30%. This resulted in a somewhat sharper elution 
profile for the isomerase than previously obtained (results not shown). 

Following DEAE and HIC chromatography, chromatofocusing was employed. This 
method separates molecules on the basis of isoelectric point. Protein was applied to a weak 
anion exchange column at high pH, and eluted as the pH decreased by application of a lower 
pH "Polybuffer". Preliminary experiments showed that a pH gradient from 6.5 to 4.0 
resulted in elution of the isomerase at a pH around 4.4. Clearly the isomerase is a fairly 
acidic protein. 

Following HIC chromatography, a single fraction containing high isomerase activity 
was applied to a Pharmacia MonoP chromatofocusing column equilibrated with 20 mM bis- 
Tris (pH 6.5). The pH gradient was formed using 10% Polybuffer 74 (pH 4.0). Results are 
shown in Fig. 22. The isomerase activity eluted in a sharp peak around pH 4.5. The three 
fractions containing activity were examined for purity by SDS PAGE. Fraction 32 appeared 
on 12.5% and 20% gels as a single protein band with a mass of 55 kD. 

The purification of the P. acnes 10,12-linoleate isomerase is summarized in Table 

IB. 



TABLE 1B 

Propionibacterium acnes 



Step 


Protein 


Total Activity 


Specific Activity 


Yield 


Crude extract 


419 


1365 


3.26 


100 


DEAE 


34.8 


774 


22.2 


56.7 


Hydrophobic 


1.83 


250 


. 137 


18.3 


interaction 










Chromatofocusing 


.107 


51.1 


478 


3.75 



Protein in milligrams. Enzyme activity units are nanomoles CLA formed per minute. Specific activity 
is units per milligram protein. 
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This material was submitted for amino acid sequencing. After running the sample 
on a SDS PAGE gel, the single band was transferred and N-terminal sequencing performed 
at the UW Medical College of Wisconsin. Surprisingly, several signals were obtained, 
indicating the presence of multiple peptides or that the N-terminal portion of the peptide was 
highly degraded (unlikely) in this apparent single band. Subsequent analysis of isomerase 
purified further (described below) determined that the N-terminus of the protein was blocked. 

To further modify the purification scheme to obtain pure isomerase, the protocols 
previously used were revised and improved to enhance the purification. As before, soluble 
crude extract was prepared by cell disruption. This material was fractionated using DEAE 
chromatography. Fractions from several runs containing significant isomerase activity were 
pooled, dialyzed, and reapplied to the same column. The active fractions were pooled, made 
1 molar in (NH 4 ) 2 S0 4 , and applied to a phenyl hydrophobic column in several runs. Active 
fractions were concentrated, if necessary, and analyzed by SDS PAGE chromatography. 
Fractions having high isomerase activity exhibited a large number of protein bands at this 
stage. Selected fractions from the HIC column were pooled, concentrated, dialyzed, and 
applied to a chromatofocusing column. Protein elution was accomplished with a shallower 
pH gradient than was previously used, from 5.5 to 4.0. The isomerase activity eluted as a 
sharp peak at about pH 4.2. Active fractions were examined for purity by SDS PAGE. At 
this point, several fractions appear to contain a single band approximately 50-55 kD in size 
(data not shown). Other active fractions exhibited three to four additional bands. These 
fractions will be applied to a gel filtration column if further purification is required. N- 
terminal sequencing of the P. acnes linoleate isomerase has been completed (See Example 
12). 

Example 12 

The following example demonstrates the sequencing of the N-terminal amino acid 
sequence of the purified P. acnes soluble (trans, cis)-10, 12-linoleate isomerase. 

Linoleate isomerase was purified from P. acnes ATCC 69 1 9 to apparent homogeneity 
as described in Example 1 1 ; only a single peptide band of about 55 kD could be detected on 
SDS PAGE stained by Coomassie Blue. The N-terminal peptide sequence (35 amino acid 
residues) of the purified protein was determined as follows: 

SISKD SRIAI IGAGP AGLAA GMYLW QAGFX DYTIL (SEQ ID NO:42) 
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A protein having the sequence of SEQ ID NO:42 is referred to herein as PPAISOM 35 
(formerly called PCS-CLA 35 in U.S. Provisional Application Serial No.60/141,798, from 
which this application claims priority). It should be noted that since amino acid sequencing 
technology is not entirely error-free, SEQ ID NO:42 represents, at best, an apparent partial 
N-terminal amino acid sequence. ^ 

No significant homology was detected when the PPAISOM 35 amino acid sequence 
was initially compared to the linoleate isomerase peptide deduced from the DNA sequence 
cloned from L. reuteri PYR8 (SEQ ID NO: 18) or of the directly determined amino acid 
sequence of the PYR8 isomerase (SEQ ID NO: 1 ). We note that the L. reuteri PYR8 and P. 
acnes linoleate isomerases have different mass; the isomerase from L. reuteri is about 70 kD 
while the isomerase from P. acnes is about 55 kD. A comparison of the complete isomerase 
sequences from L. reuteri and P. acnes (see Example 13) will be more meaningful (See 
Example 13). 

The N-terminal sequence of the P. acnes isomerase also showed no homology with 
the N-terminal peptide sequence from the putative Butyrivibrio Jibrisolvens (cis, trans)-9, 
11 -linoleate isomerase (Park et al., 1996), although, as discussed above (Background 
section), the present inventors consider it to be unlikely that the sequence described by Park 
et al. is actually a linoleate isomerase. The N-terminal peptide sequence was also analyzed 
against the sequences in the databases using Blastp program with standard settings. The 
best-matched sequence is the putative E. coli oxidoreductase, Fe-S subunit (gi887828) 
showing 71% identity in a region of 28 amino acid residues. However, no homology could 
be detected with any sequences in the data base when low complexity filtering is used in 
Blastp analysis. Low complexity regions commonly give spuriously high scores that reflect 
compositional bias rather than significant position-by-position alignment. Filtering is 
designed to eliminate these potentially confounding matches. Therefore, the true level of 
homology between P. acnes linoleate isomerase and the putative E. coli oxidoreductase Fe-S 
subunit remains to be determined when full-length P. acnes isomerase gene sequence is 
determined. 

Nucleic acid sequences encoding SEQ ID NO:42 can be deduced from the amino acid 
sequence by those of ordinary skill in the art. Isolated nucleic acid molecules comprising 
such nucleic acid sequences are encompassed by the present invention. 
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Example 13 

The following example describes the nucleic acid cloning and sequencing of a 
Propionibacterium acnes linoleate isom erase nucleic acid molecule of the present invention. 
Peptide sequences determined for the purified isomerase. 

The purified P. acnes linoleic acid isomerase, purified as described in Examples 1 1 
and 12, was subjected to digestion with the enzyme endo JLYS-C to generate peptide 
fragments. The resulting peptides were separated by HPLC chromatography. Peptide 
fragments from three different peaks were sequenced individually. None of these peptide 
fragments are identical, entirely or partially, to the N-terminal sequence. Therefore, these 
fragments represent internal peptide fragments of the P. acnes linoleate isomerase. 

A sequence of 14 amino acids was determined for the peptide in HPLC peak number 
one and is represented herein as SEQ ED NO:44. A peptide having the sequence of SEQ ID 
NO:44 is referred herein as PPAISOM 14 . A sequence of 9 amino acid residues was 
determined for the peptide in HPLC peak number two and is represented herein as SEQ ID 
NO:45. A peptide having the sequence of SEQ ID NO:45 is referred herein as PPAISOM 9 . 
A sequence of 15 amino acid was determined for the peptide in HPLC peak number three 
and is represented herein as SEQ ID NO:46. A peptide having the sequence of SEQ ID 
NO:46 is referred herein as PPAISOM| 5 . It should be noted that the amino acid signals 
detected in this sequencing experiment were very weak. There were, therefore, alternative 
choices at certain positions of the sequence due to ambiguous reads. The secondary choices 
at ambiguous amino acid positions in SEQ ID NO:46 are presented as lowercase letters in 
parentheses. 

Cloning the DNA sequence coding the N-terminal peptide residues. 

Two sets of degenerated oligonucleotide primers were synthesized according to SEQ 
ID NO:42. The first oligonucleotide primer set corresponds to amino acid residues 8-14 of 
SEQ ID NO:42 and is designated PA05 (SEQ ID NO:47). The second oligonucleotide primer 
set corresponds to amino acid residues 22-28 of SEQ ED NO:42 and is designated PA01 1 
(SEQ ID NO:48). Two known genes in the GenBank database have been previously cloned 
from Propionibacterium acnes: hyaluronidase (GenBank U15927) and lipase (GenBank 
X99255). The codon bias of these two genes was used to decrease the degeneracy at the 5' 
end of the primer PA05 (SEQ ID NO:47). A PCR reaction using P. acnes DNA as template 
generated large quantities of non-specific products of different sizes and also a product of 
the expected size (62 bp) in lesser amount. The PCR product of 62 bp was isolated, purified 
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and cloned into pPCR-Script SK (+) Amp (Stratagene). Putative recombinant plasmids were 
analyzed by restriction digestions. Four clones were selected and sequenced. Although 
different primer molecules were involved in the synthesis of the PCR products, the deduced 
amino acid sequences of all four clones matched exactly to residues 12 through 28 of the N- 

5 terminus of the purified linoleate isomerase protein (SEQ ED NO:42), thus confirming the 
identity of the PCR products, the sequence of the cloned PCR product (SEQ ID NO:49) is 
denoted herein as nPAISOM 62 . Differences in nucleotides found in the different clones of 
SEQ ID NO:49 are indicated in the Sequence Listing as alternate nucleotides. The deduced 
amino acid sequence (SEQ ID NO:50) is referred herein as PPAISOM 2! . 

io Cloning of a larger portion of the isomerase gene by inverse PCR. 

An inverse PCR amplification approach was used to clone the DNA sequences 
flanking the DNA sequence nPAISOM 62 . Two oligonucleotide primers, designated PA016 
and PA017 (SEQ ID NO:5 1 and SEQ ID NO:52, respectively), were synthesized. The primer 
PA016 corresponded to nucleotides 7-23 of nPAISOM^, and PA017 to nucleotides 30-47 

is ofnPAISOM 62 . 

Genomic DNA from P. acnes was digested with the following restriction enzymes, 
or combinations of two enzymes that produce compatible ends: BamHI, EcoRI, Hindlll, 
PvuII, Sail, Sau3 A, BamHI/BglH, Xbal/Nhel, Xbal/Spel, Xhol/Sall. Each DNA digest was 
purified using a PCR purification kit (Qiagen) and circularized with T4 DNA ligase. PCR 

20 reactions were carried out with the primer pair PA016/PA017 using aliquots of the 
circularized DNA digests as template. A PCR product of about 570 bp was generated with 
the circularized BamHI digest. The PCR product was purified and cloned into the plasmid 
vector pCR2. 1 -TOPO (Invitrogen) and sequenced. With reference to the BamHI site and the 
sequence nPAISOM 62 , the cloned DNA sequence was edited to generate a sequence of 569 

25 bp, referred herein as nPAISOM 596 (SEQ ID NO:53). This sequence contained an open 
reading frame (ORF) of 104 amino acid residues, with its C-terminus still incomplete, and 
with the start codon occurring at positions 259-261 of SEQ ID NO:53. The deduced amino 
acid sequence of this incomplete ORF is denoted PPAISOM 104 (SEQ ID NO:54). 

Southern blot analysis of P. acnes DNA with the cloned partial isomerase sequence, 

30 nPAISOM 569 . 

P. acnes DNA was digested with the following restriction enzymes: Bgll, EcoRI, 
Fokl, HindlH, PvuII, Xhol. The digests were analyzed on Southern Blots using the sequence 
nPAISOM 569 (SEQ ID NO:53) labeled with biotinylated nucleotides (NEBlot Phototope kit, 
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New England Biolabs). With the enzymes EcoRI, Hindlll, Pvul and Xhol (which do not cut 
the sequence nPAISOM 569 ), only one hybridization band was observed. This indicates that 
only one copy of the linoleate isomerase gene is present in the genome of P. acnes. As 
expected for DNA digested by Fokl and Sail, which have unique sites in the sequence 
nPAISOM 569 , two hybridization bands were shown on Southern blot. Similarly, two bands 
were observed hybridizing to nPAISOM 569 in Bgll digests although additional bands of weak 
signal intensity and of higher molecular weight were seen on the blot (which is likely caused 
by a problem of incomplete DNA digestion). 

Second round of inverse PCR to clone the entire isomerase gene and flanking 
sequences. 

The Xhol digests showed one band (about 3 kb) hybridizing to nPAISOM 569 while 
the Bgll digests showed two major hybridization bands of around 3 kb. Inverse PCR 
amplification and cloning of both Bgll fragments would cover a sequence of about 5.5 kb in 
total. Therefore, two pairs of oligonucleotide primers were synthesized. The first pair of 
primers, designated PA021 (SEQ ID NO:55) and PA022 (SEQ ID NO:56), respectively, 
were synthesized for inverse PCR amplification of the upstream Bgll fragment. The second 
pair of primers, designated PA023 (SEQ ID NO:57) and PA024 (SEQ ID NO:58), 
respectively, were synthesized for inverse PCR amplification of the down-stream Bgll 
fragment. As an alternative approach, P. acnes genomic DNA was also digested with the 
enzyme Xhol, circularized and used as template for inverse PCR reaction with the primer 
pairPA021/PA024. 

No PCR product of expected size could be generated with T4 DNA ligase treated Bgl 
I digest using the primer pair P A023/P A024. One explanation for this observation is that the 
two ends of the downstream Bgll fragment were not compatible and therefore the fragment 
could not be circularized. However, PCR amplification with circularized Bgll digest of P. 
acnes DNA generated a PCR product of about 2.5 kb using the primer pair PA021/PA022. 
A PCR product of about 2.5 kb was also amplified with circularized Xhol digest using the 
primer pair PA02 1/PA024. Both PCR products were purified and cloned into pPCR-Script 
Amp SK (+). Both of the cloned Bgll fragment and the cloned Xhol fragment were 
completely sequenced. The complete sequence of the Bgll fragment and the Xhol fragment 
and the sequence nPAISOM 569 were edited to generate a sequence of about 5.3 kb (SEQ ID 
NO:59), which is referred herein as nPAISOM 5275 . 

Analysis of the isomerase gene and flanking sequences. 
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As schematically illustrated in Fig. 52, the sequence nPAISOM 5275 (SEQ ID NO:59) 
contains the entire P. acnes linoleate isomerase open reading frame (ISOM) as well as two 
ORFs (A and B) upstream and one ORF (C) downstream. The open reading frames B, C and 
the isomerase gene (ISOM) are coded by the same DNA strand while the ORF A is coded 
by the opposite DNA strand. No obvious transcription terminator or structures similar to 
promoter elements, common to other organisms, were found between the ORF B and the 
ORF for the linoleate isomerase (ISOM). At this point, it is not clear if the three open 
reading frames (B, C and ISOM) are transcribed as a single transcript or as multiple 
transcripts. RNA probing or primer extension experiments may be needed to determine the 
answer. 

Linoleate isomerase open reading frame. 

The P. acnes linoleate isomerase open reading frame spans from nucleotide positions 
2735 to 4009 of the sequence nPAISOM 5275 , and is represented by SEQ ID NO:60. A 
nucleic acid molecule which has a nucleic acid sequence represented by SEQ ID NO:60 is 
referred herein as nPAISOM 1275 . nPAISOM l275 encodes a linoleate isomerase protein of 424 
amino acid residues with an amino acid sequence represented herein as SEQ ID NO:61. A 
protein having the amino acid sequence represented by SEQ ID NO:61 is referred herein as 
PPAISOM 424 . 

The deduced molecular weight of the isomerase protein PPAISOM 424 (SEQ ID 
NO:61) is about 48 kDa, which is in reasonably good agreement with the molecular weight 
of the purified linoleate isomerase protein (i.e., about 50-55 kDa as previously estimated by 
SDS-PAGE). The N-terminal peptide sequence of the purified linoleate isomerase (SEQ ID 
NO:42) is identical to positions 2-36 of the sequence PPAISOM 424 , with the exception of two 
residues at positions 25 and 30, as discussed below. It appears that the methionine residue 
coded by the start codon of the ORF is removed after translation. The absence of additional 
in-frame ATG codons in the up-stream DNA sequence indicates that there is no signal 
peptide sequence associated with the isomerase protein. Analysis of the amino acid sequence 
of PPAISOM 424 (SEQ ID NO:61) shows that the unsolved residue at the position 30 of 
PPAISOM35 (SEQ ED NO:42) is a histidine (H), and that residue 25 of PPAISOM 35 is a 
glutamate (E) in stead of a tryptophan (W). The sequences of the three internal peptide 
fragments resulting from endo-LYS-C digestion of the purified isomerase were also mapped 
within the deduced amino acid sequence PPAISOM 424 . The peptide sequence of HPLC peak 
number one (SEQ ID NO:44) matched residues 183 through 196 of PPAISOM424. The 
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peptide sequence of peak number three (SEQ ID NO:46) matched residues 275 through 289 
of PPAISOM 424 with the only exception at position 286. The peptide sequence of peak 
number two (SEQ ID NO:45) matched the C-terminal residues (positions 416 through 424 
of SEQ ID NO:61) of PPAISOM 424 . 

A ribosome binding site-like structure (AAGGAAG), referred to herein as SEQ ID 
NO:62, was found up-stream from the translational initiation codon of the isomerase open 
reading frame in nP AISOM^. The spacing between this putative ribosome binding site and 
the translation initiation codon is only 4 bases, much shorter than the usual spacing of 6-9. 
Although rare, a 4-base spacing was also found in other P. acnes genes such as the ORF B 
in the sequence nPAUNKA 783 (see below), and has been reported previously, for instance, 
in the protoporphyrinogen oxidase gene from P.freudenreichii (GenBank, D85417). 

The (trans, cis)-10,12-linoleate isomerase open reading frame does not show a 
significant homology with the (cis, trans)-9,ll-linoleate isomerase gene cloned from L. 
reuteri (SEQ ID NO: 17), with the N-terminal sequence of the (cis, trans)-9, 11-linoleate 
isomerase purified from C. sporogenes (SEQ ID NO:43), or with the N-terminal peptide 
sequence of a protein purified from Butyrivibrio that Park et al alleged to be a (cis, trans)-9, 
1 1-linoleate isomerase (discussed in Background Section above). 

A protein pattern and profile search (ProfileScan at www.expasv.ch) was performed 
with the sequence PPAISOM 424 (SEQ ID NO:61) in order to detect putative functional 
domains in the isomerase. The results suggested that the N-terminal domain of the linoleate 
isomerase contained a putative NAD/FAD binding domain (PROSITE Profile No. PS50205). 
Specifically, this domain is located in the region spanning from amino acid residues 9-38 of 
SEQ ID NO:61 . The NAD/FAD binding domain with the signature sequence Gly-Xaa-Gly- 
(Xaa) 2 -Gly-(Xaa) 3 -Ala-(Xaa) 6 -Gly (positions 1 through 21 of SEQ ID NO:73, minus four . 
additional Xaa residues from positions 14-17 of SEQ ID NO:73) is present in many different 
enzymes, such as dihydropyrimidine dehydrogenase (Fig. 58; SEQ ID NO:74), tryptophane 
monoxygenase (Fig. 58; SEQ ID NO:75), glutamate synthase (Fig. 58; SEQ ID NO:76), 6- 
hydroxy-L-nicotine oxidase (Fig. 58; SEQ ID NO:77), zeta-carotein desaturase (Fig. 58; 
SEQ ID NO:78), phytoene dehydrogenase (Fig. 58; SEQ ID NO:79) and polyamine oxidase 
(Fig. 58; SEQ ID NO:80). The consensus sequence is shown on the top of Fig. 58 (SEQ ID 
NO:73), with the position of the first residue in different enzymes shown on the left. The 
name of the enzymes along with their origin and GenBank Accession Nos. are given in the 
lower part of the figure. In addition to the characteristic signature residues, the present 
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inventors found that a lysine residue is also conserved in this putative NAD-binding domain 
among the listed enzymes. The homology of the 10,12 linoleate isomerase with other 
enzymes extended slightly beyond the NAD-binding domain. 

Interestingly, the (cis, trans)-9,ll linoleate isomerase from Lactobacillus reuteri 
(SEQ ID NO: 18) also contained a putative FAD/NAD binding domain at positions 19 
through 79 of SEQ ED NO: 1 8. The putative FAD/NAD binding domain in SEQ ID NO: 1 8 
aligns with the consensus sequence of SEQ ID NO:73 as shown in Fig. 58, with a spacer of 
four extra amino acid residues between the consensus leucine at position 41 of SEQ ID 
NO:18 (position 13 of SEQ ID NO:73) and the consensus glycine at position 49 of SEQ ID 
NO:18 (position 21 of SEQ ID NO:73). Therefore, two different linoleate isomerases (i.e., 
a 9,1 1 -linoleate isomerase and a 10,12-linoleate isomerase) share 40% identical amino acid 
residues over 34 residues (positions 11 through 44 of SEQ ID NO:61 and positions 27 
through 41 and 46 through 63 of SEQ ID NO: 18) if the 4-residue spacer at positions 42-45 
of SEQ ID NO: 1 8 is excluded. Also, the putative FAD/NAD binding domain is located near 
the N-terminus of both the 9,11- and the 10,12-linoleate isomerase protein sequence. 
Therefore, the (cis, trans)-9, 1 1 -linoleate isomerase from Lactobacillus reuteri and the (trans, 
cis)- 10, 12 linoleate isomerase from Propionibacterium acnes seem to share a putative 
functional domain, despite a lack of overall sequence homology between sequences. 

The significance of the presence of a NAD/FAD binding site in linoleate isomerase 
is unclear at the present. It could play an important role in the conjugation of the double 
bonds even though the isomerase does not require NAD, NADP, FAD or other cofactors for 
its catalytic activity. The actual mechanism of the double bond isomerization of linoleic acid 
is currently poorly understood. This linoleate isomerase domain may be a good target for 
mutagenesis to study the structure/function of the isomerase. It is important to note that the 
(cis, trans)-9, 11 linoleate isomerase is a membrane protein, with a major hydrophobic 
domain and some other regions of relatively weak hydrophobicity. The major hydrophobic 
domain located near the N-terminus seems to be the single putative transmembrane domain, 
which is supposed to also function as an uncleaved signal sequence for directing the protein 
into the membrane. In addition, this putative transmembrane domain overlaps the putative 
NAD-binding domain. On the other hand, the (trans, cis)-10, 12 linoleate isomerase from 
P. acnes is a soluble protein with a few domains of weak hydrophobicity and the putative 
NAD-binding domain is located in the major hydrophobic domain at the N-terminus. The 
association of the (cis, trans)-9, 11 linoleate isomerase with membrane and the 4-residue 
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spacer presented in the putative NAD-binding domain may be related to a difference in 
positional and geometric specificity with regard to the (trans, cis)- 1 0, 1 2 linoleate isomerase. 

A BLAST 2.0 search was performed with the sequences PPAISOM 424 using the 
standard parameters as set forth above. The linoleate isomerase was found to share a 
relatively low homology with a variety of different enzymes. In most cases, the homology 
was constrained to the short region of the putative NAD binding site. The isomerase shares 
3 1 % identical residues and 5 1 % similar residues with polyamine oxidase precursor from Zea 
mays (GenBank, 06441 1) within a region of 1 15 amino acid residues (positions 8 through 
122 of SEQ ID NO:61). It also shares 28% identical residues and 42% similar residues with 
tryptophan 2-monooxygenase from Agrobacterium vitis (GenBank, AAC77909.1) in an 
overlapping region of 1 67 residues (positions 8-1 75 of SEQ ED NO: 6 1 ). The homology with 
the small subunit of the glutamate synthase from Deinococcus radiodurans (GenBank, 
AE001880) was 27% identical and 46% similar over an 88 amino acid sequence (positions 
3-90 of SEQ ID NO:61). Another enzyme showing homology to linoleate isomerase is 
phytoene dehydrogenase, such as the one from Cercospora nicotianae (GenBank, P48537): 
29% identical residues and 48% similar residues in an overlapping region of 1 63 amino acid 
residues (positions 2-165 of SEQ ID NO:61). The Fe-S subunit of the putative 
oxidoreductase from E. coli (GenBank, U28375) shares 1 1 contiguous identical amino acid 
residues with linoleate isomerase residues 12 though 22. Residues 10 through 21 of the 
isomerase were identical to the amino acid sequence deduced from a segment of the 
incompletely sequenced Vibrio cholerae genome (The Institute for Genomic Research, V. 
chblerae 666 1752). . 

The nucleotide sequence of the isomerase coding region, nPAISOM l275 (SEQ ID 
NO:60), does not show any significant homology to the nucleotide sequence of the (cis, 
trans)-9, 11-linoleate isomerase cloned from L. reuteri (SEQ ID NO:17). A BLAST 2.0 
search was conducted with the nucleotide sequence nPAISOM 1275 (SEQ ID NO:60) using the 
standard parameters as set forth in the detailed description above. The isomerase gene 
showed no significant homology to other genes in the database (i.e., GenBank). The closest 
sequence sharing some homology with SEQ ID NO:60 was a phytoene dehydrogenase gene 
from Cercospora nicotianae (GenBank Accession No. U03903), which had only 30.1% 
similarity (i.e., not identity) with SEQ ID NO:60. The isomerase has 22 contiguous 
nucleotides (positions 393 through 414 of SEQ ED NO:60) identical to Vicia faba UDP- 
glucose:D-fructose-2-glucosyltransferase coding sequence (GenBank, M9755 1 ). A different 
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stretch of 21 contiguous nucleotides of the isomerase (positions 633-653) was found in a 
segment of the incomplete Sinorhizobium meliloti genome (Stanford 382, smelil 
423017E10.xl). 

Example 14 

The following example describes the sequencing and characterization of other open 
reading frames in the nucleic acid molecule nPAISOM 52 7 5 of P. acnes. 

The open reading frame A (ORFA) in the sequence nPAISOM 5275 (SEQ ID NO:59) 
spans from nucleotide positions 1 to 1 073 (Fig. 52, A), and is represented by SEQ ID NO:63. 
A nucleic acid molecule having SEQ ID NO:63 is referred to herein as nPALPL 1073 . A 
protein sequence of 358 amino acid residues with an incomplete C-terminus was deduced 
from nPALPL 1073 using the reverse complement of SEQ ID NO:63, with positions 1 073- 1 07 1 
(positions with regard to SEQ ID NO:63) forming the start codon. This protein showed 
some homology to lipases (see below) and is therefore designated LPL (lipase-like). This 
sequence is referred herein as PPALPL 358 (SEQ ID NO:64). The protein sequence 
PPALPL 358 is coded on the opposite DNA strand with respect to the open reading frame B 
(ORFB) and the linoleate isomerase gene. No obvious ribosome binding site could be 
identified with a reasonable spacing upstream from the first ATG codon of the open reading 
frame. Therefore, the actual translation start codon could not be determined at the present. 

By BLAST 2.0 search no significant homology was found with respect to the nucleic 
acid sequence nPALPL 1073 . A stretch of 22 contiguous nucleotides (positions 815-836 of 
SEQ ID NO: 63) was identical to a segment of the Bordatella pertussis RNA polymerase 
sigma 80 subunit gene (Sanger 520, B. pertussis Contig54). The BLAST 2.0 search with the 
sequence PPALPL^g showed that the protein sequence shares a low but significant 
homology to lipases. For example, the region spanning the positions 146-356 of SEQ ID 
NO:63 shares 26% identical and 42% similar amino acid residues with lipC from 
Mycobacterium tuberculosis. However, PPALPL 358 does not share significant homology to 
the lipase gene previously cloned from P. acnes (GenBank Accession No. X99255). The 
sequence GDS AG (positions 244-249 of SEQ ID NO:63) was conserved in many lipases and 
it fits the active-site serine motif (GXSXG) which is shared by various lipases, esterases and 
other hydrolytic enzymes. 

A PrOfileScan (protein pattern and profile search) was carried out with the protein 
sequence PPALPL 358 . An esterase/lipase/thioresterase active site (PROSITE Profile No. 
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PS501 87) was found in the region 167-261 of SEQ ID NO:64. In addition, the region from 
the positions 213 to 268 of SEQ ID NO:64 contained a carboxylesterase type-B active site 
(GC0265). The sequence PPALPL 358 does not contain the exact lipase prosites (PROSITE 
Profile Nos. PS01173 and PS01174) that are present in the P. acnes lipase (GenBank 
Accession No. X99255). From these data, it was concluded that the open reading frame A 
in the sequence nPPALPL 1075 is likely to encode a lipase-like snzyme. 

The open reading frame B (ORFB) (Fig. 52; B) is located up-stream to the P. acnes 
isomerase gene and is coded by the same strand as the isomerase gene! It spans the positions 
1604 to 2386 of the sequence nPAISOM 52 7 5 and is represented by SEQ ID NO:65. A nucleic 
acid molecule having SEQ ID NO:65 is referred herein as nPAUNK 783 . This open reading 
frame codes an unknown protein of 260 amino acids residues and is designated PPAUNK 260 
(SEQ ID NO:66). A putative ribosome binding site GAAGGAG (SEQ ID NO:67) is located 
up-stream from the first ATG codon, with a 4-base spacing. Therefore, this ATG codon is 
very likely the actual translation initiation codon of this open reading frame. 

This open reading frame does not show a significant homology with any sequences 
in GenBank or unfinished microbial genomes. The highest BLAST score of the search with 
the protein sequence PP AUNK 260 was only 32 and the BLAST score for with the nucleotide 
sequence nP AUNK 783 was 40. 

The open reading frame C (ORFC) (Fig. 52; C) is located down stream from the 
linoleate isomerase gene and is coded on the same DNA strand as the isomerase gene. It 
spans positions 4129 to 4710 in the sequence nPAISOM 5275 and is represented by SEQ ID 
NO:68. A nucleic acid molecule having SEQ ID NO:68 is referred to herein as nPAATL 582 . 
This open reading frame may encode an acetyltransferase-like enzyme (ATL) of 193 amino 
acid residues (see below) and is denoted SEQ ID NO:69. A protein having the amino acid 
sequence of SEQ ID NO:69 is referred herein as PPAATL 193 . 

The first ATG codon of the open reading frame SEQ ID NO:68 is located 7 bases 
down stream from a putative ribosome binding site GGTAGGA (SEQ ID NO:70). In a 
BLAST 2.0 search with the nucleotide sequence nPAATL 582 , no significant homology could 
be found with other sequences in the databases. However, the open reading frame shares 38% 
identical and 53% similar amino acid residues with a hypothetical protein from Streptomyces 
coelicolor (GenBank AL1 09732) in 56 amino acid residues overlap. It also shows a limited 
homology to a putative phosphoglucomutase from the plant Arabidopsis thaliana (GenBank 
AC008 1 48) with 3 1 % identical and 47% similar residues in 78 amino acid residues overlap. 
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More importantly, the protein sequence PPAATL l93 (SEQ ID NO:69) contains an 
acetyltransferase (GNAT) family profile (profile document PF00583). BLAST 2.0 search 
also shows that it has a low homology to three putative acetyltransferase genes in the 
database. It shares 29% identical and 35% similar amino acid residues over a region spanning 
positions 24-151 of SEQ ID NO:69 with the gene from Deinococcus radiodurans (GenBank 
AE001875). It shares 35% identical and 47% similar residues in 55 amino acid residues 
overlap with the N-terminal acetyltransferase complex, subunit ARD1 from 
Methanolbacterium thermoautotrophicum (GenBank AE000872). It shares 30% identical 
and 53% similar residues in 48 amino acid residues overlap with the acetyltransferase-related 
protein from Thermotoga maritima (GenBank AE001774). Therefore, the ORF C may 
encode an acetyltransferase-like protein. 

In summary, the genomic region containing the isomerase gene, ORF B encodes an 
unknown protein. The other two ORFs encode enzymes related to lipases (ORF A) and 
acetyltransferases (ORF C), respectively. Therefore, this could be a genomic region rich in 
genes related to lipid/fatty acid modifications. Without being bound by theory, the present 
inventors believe that some of these genes could be involved in the rapid metabolism of 
(trans, cis)-10, 12-CLA, accounting for the lack of accumulation of CLA in P. acnes. 

Example 15 

The following example describes the expression of the cloned P. acnes linoleate 
isomerase in E. coli. 

Two oligonucleotide primers were synthesized to amplify the complete linoleate 
isomerase open reading frame. The primer, designated PA041-NdeI (SEQ ID NO:71) 
corresponds to positions 1-20 of the sequence nPAISOM 1275 (SEQ ID NO:60). This primer 
contains a Ndel site and 4 extra bases at the 5 ' end. The primer P A042-stop-XhoI (SEQ ED 
NO:72), is specific to the lower strand of the sequence nPAISOM 1275 and spans the position 
1258-1275 of SEQ ID NO:60. It contains a Xhol site and 4 extra bases at the 5' end. 

Genomic DNA prepared from P. acnes was used as template in a PCR reaction with 
the primers PA041-NdeI and PA042-Stop-XhoI. A PCR product of expected size of about 
1 .3 kb was generated, gel-purified and ligated with the expression vector pET24a(+) which 
had been digested with Ndel and Xhol. The ligation products were transferred into the E. coli 
host, One Shot TOP 10 (Novagen). Potential clones carrying recombinant plasmid, 
designated pET-PAISOM, were analyzed by restriction digestion with Ndel and Xhol. 
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Plasmid DNA showing the expected restriction patterns was transferred into an expression 
host, E. coli BL21 (DE3). 

In the recombinant plasmid pET-PAISOM (Fig. 53), the complete isomerase open 
reading frame was positioned downstream from the T7 promoter (for transcription control). 
The ribosome binding site with optimal spacing to the ATG codon was supplied by the 
vector. No extra codons or codon changes were introduced to the isomerase coding sequence. 

An aliquot of a fresh overnight culture of the E. coli BL21 (DE3) cells containing the 
plasmid pET-PAISOM was used at a 1/100 ratio to inoculate 50 ml of LB medium 
supplemented with kanamycin at the concentration of 30 |ig/ml. After a growth period of 3 
hrs at 37°C, IPTG was added to the culture at the final concentration of 1 mM to induce the 
expression of the isomerase protein. Cells were grown for an additional period of 2 hrs after 
IPTG induction. 

Cells were sampled at the time of IPTG induction (0) and 2 hrs after IPTG induction 
(2) and the total cellular protein was analyze by SDS-PAGE. Four different clones (A-D) of 
plasmid pET-P AISOM were compared along with E. coli BL21 (DE3) cells without the 
isomerase gene as control. On SDS-PAGE, a peptide of about 50 kDa was seen as a 
predominant protein in the extract prepared from IPTG induced cells hosting pET-P AISOM 
(Fig. 54). This is consistent with the prediction made from the amino acid sequence and also 
with the size of the native linoleate isomerase purified from P. acnes. Without IPTG 
induction, the expression of the isomerase protein was very low. The 50-kDa protein band 
was not seen in the cell lysate of BL21 (DE3) without the isomerase gene. The data 
demonstrate a very high level expression in E. coli of the cloned linoleate isomerase protein 
with expected size. 

Example 16 

The following example describes the functional confirmation of the cloned linoleate 
isomerase. 

To confirm the identity of the cloned isomerase gene, crude cell extracts prepared 
from E. coli cells expressing the isomerase protein were tested for isomerase enzyme activity 
by biotransformation of linoleic acid. The IPTG-induced culture of E. coli BL2 1 (DE3) cells 
hosting pET-P AISOM were harvested by centrifugation at 10,000 g at 4°C. The cell pellet 
was suspended into 5 ml of a lysis buffer (100 mM Tris-HCl, pH5.8; 10 mM NaCl, 10% 
glycerol). Cells were broken by a single pass through French Press (10,000 psi). The crude 
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extract (cell lysate) was immediately incubated with 350 ppm of linoleic acid at room 
temperature with shaking at 1 50 rpm for one hour or overnight. Aqueous samples taken from 
enzyme reactions were extracted with 1 ml hexane. The hexane layer was removed and the 
absorbence at 234 nm was measured using a HP 8452A diode array spectrophotometer. 
Typically the entire spectrum in the 1 90 - 400 nm region was scanned to ensure that an actual 
peak at 234 nm was present. Fig. 55 shows the UV specteum of such an extract. An 
absorbence peak at 234 nm was observed, as is typical of conjugated linoleic acids. 

In order to determine which of the CLA isomers was produced by the recombinant 
isomerase, methyl esters were prepared and analyzed by gas chromatography. Fatty acid 
methyl esters (FAMES) were formed by treatment with 4% HC1 in methanol for 30 min at 
room temperature, followed by extraction with hexane. FAMES were analyzed by gas 
chromatography using a HP 6890 model chromatograph fitted with a flame ionization 
detector. The detector and injector were held at 250° C. After splitless injection, the column 
(Supelco SP-2380, 100 m, 0.25 mm ID) was held at 155° C for 15 min, followed by an 
increase to 1 80° C at a rate of 1 0 C/min. After a 30-min hold at 1 80° C, the temperature was 
increased to 220° C at 10° C/min, and held at 220° C for 5 min. The separation of a typical 
commercial CLA mixture is shown in Fig. 56A. Chemically synthesized CLA consists of a 
large number of structural and geometric isomers, most of which can be resolved on a 1 00-m 
column. The peak at 62.414 min represents the (trans, cis)-10, 12-CLA isomer. Fig. 56B 
shows a typical analysis of a reaction mixture using crude cell extract containing the cloned 
isomerase. The only CLA peak observed elutes at essentially the same retention time as the 
(trans, cis)-10, 12-CLA isomer. 

To further elucidate the double bond positions of the CLA molecules produced by 
the cloned isomerase, a DMOX (2-alkenyl-4,4-dimethyloxazoline) derivative was made and 
analyzed by gas chromatography-electron mass spectrometry. DMOX derivatives were 
formed by refluxing fatty acids with 500 ^1 2-amino-2-methyl-l-propanol under nitrogen for 
18 hrs at 160° C. After cooling, 5 ml water and 1 ml hexane were added, shaken, and the 
hexane layer removed for analysis. Samples were analyzed using a HP 5890A gas 
chromatograph fitted with a HP 5970 MS quadropole mass spectrometer. The injector and 
detector were held at 300° C. Splitless injection was made onto a Restec Rtx-5MS column 
(15 m, 0.25 mm ED). The oven temperature was initially 150 s C, and was increased to 250° 
C at 10° C/min with a final 10 min hold at this temperature. Fig. 57 shows the mass 
spectrum observed from a DMOX derivative of the putative (trans, cis)-l 0, 12-CLA isomer 
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formed by using the cloned isomerase. The fragmentation pattern clearly demonstrates 
unsaturations at positions 10 and 12, consistent with the other data already presented. 

All of the biochemical data presented herein (i.e., the UV spectra, retention time on 
GC, and GC-MS spectra of DMOX derivative of the product of linoleic acid conversion) 
support the conclusion that the cloned isomerase gene from P. acnes indeed encodes a (trans, 
cis)-10, 12-linoleic acid isomerase. 

Example 17 

The following example describes the purification and characterization of a linoleate 
isomerase from Clostridium sporogenes. 

Previous work by the present inventors and by others has shown that C. sporogenes 
is capable of converting significant amounts of linoleic acid to CLA. The linoleate 
isomerase from C. sporogenes appears to have activity levels and characteristics most similar 
to that of L. reuteri PYR8. The following experiments describe the purification and 
characterization of the linoleate isomerase from this microorganism, with the goal to clone 
this isomerase gene, as has been described for L. reuteri in Example 5. The cloned C. 
sporogenes isomerase gene will be tested for functionality. It will also be compared to the 
isomerase genes cloned from L. reuteri and P. acnes. 

C sporogenes ATCC 25762 was grown in a Brain Heart Infusion Broth (BHI) 
medium under anaerobic conditions. Bacterial growth was measured with a 
spectrophotometer at 600 nm. When cells were grown at 37*C, pH 7.5, stationary phase was 
reached after 6 hours incubation. Further incubation resulted in rapid lysis of the culture. 
Cultures were harvested, therefore, after about 6 hours of growth. The cell pellet was washed 
with 0. 1 M Tris, pH 6.0, containing 15 mM NaCl. 

Biotransformation of linoleic acid to CLA was performed by resuspending harvested 
cells in fresh growth medium containing 200 ppm linoleic acid. After incubation, fatty acids 
were extracted with hexane and analyzed by gas chromatography using an isothermal 
program at 21 5°C for 14 minutes. Fig. 23A-D shows a time course of biotransformation of 
linoleic acid by C. sporogenes. Resuspended cells were grown under aerobic (Figs. 23A & 
C) or anaerobic (B & D) conditions at room temperature (A & B) or at 37°C © & D). A 
rapid production of cis9, transl\-CLA with a simultaneous decrease in linoleic acid was 
observed within 30 minutes under all conditions tested. Similar amounts of CLA were 
formed under aerobic and anaerobic conditions. Upon further incubation, t9, trans\\-CLA 
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accumulated at the expense of cis9 t transl 1 -CLA. Upon extended incubation (1 5-20 hours), 
cis9, trans 1 1 -CLA disappeared. Apparently the CLA was metabolized further. 

The cells were extracted as described in Fig. 24 to give four principal fractions. 
Tables 2 and 3 show the distribution of isomerase activity and protein concentration in 
fractions which were prepared with low salt (10mm NaCl) from frozen cells and with high 
salt (500mM NaCl) from fresh cells, respectively. Enzyme* activity was detected in all 
fractions. The highest activity was found in the 45k/0.3% OTGP soluble fraction. It has 
been reported that detergents require high concentration of salt for effective solubilization 
of membrane proteins. Addition of NaCl in extract buffer resulted in increasing specific 
activity (Table 2), indicating the effectiveness of high salt. The specific activity was at least 
50-fold higher in high salt detergent soluble fractions (Table 3) than in low salt detergent 
soluble fractions (Table 2). Conditions under which the active cultures are stored could also 
affect activity. These results suggested that the C. sporogenes linoleate isomerase has 
characteristics similar to the L. reuteri PYR8 membrane-associated enzyme. 

TABLE 2 

Linoleate Isomerase Activity - Low Salt Extracts of Frozen Cells 



Specific Activity 
(OD 234 /60 min/mg 



Fraction 


Protein (mg/ml) 


Total Protein (mg) 




protein) 


Crude Extract 


6.8 


408 


0.26 ± 0.01 


0.38 


45K Supernatant 


4.8 


288 


0.12 ±0.01 


0.25 


45K OTGP Soluble 


1.2 


30 


0.05 ± 0.00 


0.41 


10K OTGP Soluble 


2.9 


73 


0.05 ± 0.01 


0.17 



*OD234 was determined in an assay using 0.1 ml of enzyme extract 
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TABLE 3 

Linoleate Isomerase Activity - High Salt Extracts of Fresh Cells 



Fraction 


Protein (mg/ml) 


Total Protein (mg) 


*OD 234 

i 


Specific Activity 
(OD 234 /60 min/mg 
protein) 


Crude Extract 


6.0 


390 


0.66 ± 0.02 


1.10 


45K Supernatant 


6.0 


390 


0.31 ± 0.02 


0.51 


45K OTGP Soluble 


0.8 


20 


0.16 ± 0.01 


20.0 


10KOTGP Soluble 


2.0 


44 


0.25 + 0.01 


12.5 



*OD 234 was determined in an assay using 0.1 ml of enzyme extract 



Temperature sensitivity of the isomerase in crude extracts was tested at 4°C, room 
temperature (-25 °C) and 37*C. The best temperature for the isomerase activity was room 
temperature (Fig. 25). The isomerase activity decreased to 73% of optimum at 4'C and 63% 
of optimum at 37°C. The optimum pH was monitored by adjusting the pH from 5.0 to 9.0 
using the 0.1M Tris buffer containing 10 mM NaCl, ImM DTT and 40 ppm linoleic acid. 
The optimum pH was found to be 7.5, 8.0 and 9.0 for incubating at 4°C, room temperature 
and 37°C, respectively (Fig. 25). 

The concentration of linoleic acid was tested from 0 to 100 ppm (Fig. 26). The 
optimum concentration for linoleic acid was determined to be 40 ppm. A time course study 
indicated that the activity responded linearly within 20 minutes and showed a slight decrease 
upon 60 minutes incubation at optimum pH, temperature and substrate concentration (Fig. 

27) . 

The C. sporogenes isomerase was alternatively extracted by sonication in 0. 1 M Tris, 
pH7.5, 10mMNaCl,2mMDTTand 10% glycerol. This extraction was of higher efficiency 
(about 20%) than that by French press. This is different from the isomerase isolated from 
L. reuteri, wherein it was observed that sonication resulted in a total loss of activity. 
Isomerase activity was higher in phosphate buffer, pH 7.5, than in Tris buffer, pH 7.5 (Fig. 

28) . The enzyme was most stable in phosphate buffer. 

The detergent soluble fraction was further purified by Method A, B or D, infra. 
Method A 
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Experimental conditions for purification of the isomerase by DEAE-5PW 
chromatography have been established. Under these conditions, 75% of the isomerase was 
recovered. Fig. 29 gives an overview of the purification of the isomerase from OTGP 
solubilized protein. Three experiments were performed with similar results: the C. 
sporogenes isomerase eluted from the column by 0.5 M NaCl. The peak fractions (#48 to 
#51) contained 60% of the isomerase loaded on the column, resulting in a 6-fold purification 
to an average specific activity of 32. The column was eluted further with 1M NaCl, and 
putative enzyme activity was detected by UV analysis (linoleic acid (LA) was apparently 
converted into products with spectra identical to CLA). However, analysis of these fractions 
by GC showed that the major product of the conversion had a retention time of 1 3 minutes, 
while the retention time of cis9, transX 1-CLA is about 10 minutes. Although this peak was 
minor as compared to the peak eluted by 0.5 M NaCl, this data suggested that C. sporogenes 
cells may have the ability to produce other isomers of CLA. It was observed that a freshly 
prepared extract should be used to achieve a high recovery of isomerase activity by ion- 
exchange chromatography, because the detergent solubilized protein tended to lose activity 
or it precipitated after storage at 4°C for more than 3 days (data not shown). 

A rapid spectrophotometric assay for CLA, measuring absorbence at OD 234 (detects 
conjugated double bonds in fatty acids as well as other UV absorbing compounds), was used 
to estimate CLA concentration in column eluate fractions. It was important to confirm that 
the OD 234 absorbing material was CLA before attempting further purification. Gas 
chromatography was used for this purpose. Comparison of the OD 23 4 data with the result 
obtained by gas chromatography showed good correlation, indicating that the "active" 
fractions collected contained the desired isomerase enzyme activity. 

Isomerase was partially purified on DEAE with acceptable minimal loss of activity 
as described above. However, the activity of pooled enzyme fractions decreased by 50% 
after overnight storage at 4°C. In some experiments, no activity was detected after DEAE 
purification. Therefore, it would be important to maintain the enzyme activity to continue 
purification. 

It was demonstrated that the C. sporogenes linoleate isomerase is a membrane 
protein. The detergent, octyl-thioglucopyranoside (OTGP), has been used successfully to 
solubilize isomerase. Unfortunately, OTGP (and the solubilized enzyme) precipitated slowly 
during purification at 4°C. A nondenaturing detergent, Triton X-100 with a high 
concentration of salt, is commonly used to distinguish between peripheral and integral 
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membrane proteins. No significant difference was found in the efficiency of the 
solubilization between 1% Triton X-100 and 0.3% OTGP. Less total protein was solubilized 
with a mixture of 0.1 % Triton X-100 and 0.3% OTGP. The efficiency of solubilization by 
1 M NaCl alone was very low, indicating that the isomerase is an integral membrane protein. 
Method B 

. It was clearly necessary to improve the activity and stability of the C. sporogenes 
isomerase. Two different media, BHI and MRS, were tested. Results are shown in Fig. 30. 
At pH 7.0, less isomerase was produced in MRS medium, although a higher total protein was 
obtained. There is no difference in stability of isomerase produced in either medium. 
Protease inhibitors, PMSF (0.1-1.0 mM), iodoacetamide ( 1 mM) and pepstatin A were tested 
for their effects on the stability of the isomerase. None provided measurable benefit. 

It has been reported that solubilization in the presence of lysophosphatidylcholine 
(LPC) allows higher detergent concentrations to be used, thus allowing more complete 
membrane protein solubilization. CaCl 2 can activate enzymes, such as some nucleases. 
Added CaCl 2 plus LPC has been demonstrated to stabilize detergent solubilized sodium 
channel membrane proteins. None of these positive effects was observed on the linoleate 
isomerase. Moreover, CaCl 2 decreased the enzyme activity in both Tris and phosphate buffer 
systems. At temperatures higher than 37°C, CaCl 2 had no effect on the activity, but the 
isomerase activity was reduced to 50% at the temperatures of 42°C and 60°C (Fig. 31). 

Fig. 32 shows the effect of the iron-chelating agents, phenanthroline and EDTA, on 
the enzyme activity and stability. It seems that the enzyme in crude extracts was protected 
by phenanthroline. This protection was more effective when 1 mM of phenanthroline was 
combined with 1 mM EDTA, although addition of 1 mM EDTA had a negative effect. In 
contrast, the addition of iron-chelating compounds to detergent buffer resulted in a loss of 
activity during the enzyme preparation, but a slight increase in stability (Fig. 33). 

Prior to efforts to further purify the 9, 1 1 -linoleic acid isomerase from C. sporogenes, 
endeavors were made to increase the stability of the enzyme in crude extracts and in the 
detergent soluble fraction. 

The effect of pH and type of buffer used during enzyme extraction, on extraction 
efficiency and on enzyme stability were examined. Crude extracts were prepared with 0.1 
M Tris buffer at pH 5.0-9.0. The pH during extraction had a strong impact on both extraction 
efficiency and enzyme stability. The optimum pH for the extraction of the isomerase was 
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7.5 (Fig. 34), and at this pH, the half-life of isomerase was extended from one day at pH 8.0 
to one week (Fig. 35). 

The effect of the type of buffer was also significant. Tris buffer, potassium phosphate 
buffer, and Hepes buffer were compared, and the results are shown in Fig. 36. Phosphate 
buffer was the most effective in extraction and solubilization of the isomerase. This buffer 
produced a distinct increase in the activity obtained. In crude' extracts, activity was about 
double that obtained with Tris, and in detergent soluble fractions a four- to seven-fold 
increase was measured. Further improvements (Fig. 37) were obtained by increasing the 
NaCl (20% increase in activity) and glycerol concentrations (30% increase). 

The enzyme stability was compared at pH 7.5. In general, the isomerase was more 
stable in crude extracts than in detergent solubilized fractions (Fig. 38). A half-life of 10, 
1 1 and 13 days was measured in Tris, phosphate and Hepes crude extracts, respectively. 
Increasing glycerol and salt concentration provided major improvements on stability, 
resulting in near full retention of activity in crude extracts for one week. However, half-life 
of detergent solubilized isomerase was only three and six days in Tris and phosphate buffer, 
respectively. 

A small-scale purification was performed using a Pharmacia DEAE Mono Q column 
with enzyme solubilized with 0.3% octyl-thioglucopyranoside (OTGP), as described above, 
and with phosphate buffer replacing the previously used Tris. A single peak of activity, 
eluting at approximately 250 mM NaCl, was obtained (Fig. 39). The specific activity after 
this step increased 2.5 fold. This result was reproducible. SDS-PAGE analysis of the protein 
from this column showed a band corresponding to a molecular weight of approximately 70 
kD (data not shown). The molecular mass is similar to that of the 9,11 isomerase of L 
reuteri, suggesting that the two isomerases may have similar characteristics. 

OTGP has been used successfully to solubilize the isomerase. However, the 
detergent (and the solubilized enzyme) slowly precipitates at 4°C. This precipitation results 
in more than 50% loss of activity after desalting of the enzyme solution by dialysis, but more 
importantly, it clogs the ion exchange columns, rendering them unusable. 

Therefore, detergents that could efficiently solubilize the isomerase while avoiding 
the precipitation problem were sought. Triton X- 1 00 has a good performance as solubilizing 
agent for the isomerase, and the amount of protein solubilized increased with increasing 
Triton X-100 concentrations. Isomerase extraction was also enhanced at high salt 
concentration (500 mM NaCl). However, it was determined that enzyme activity was 



93 



3161-20-C1 



completely lost when the solution was dialyzed before ion exchange. The use of Triton X- 
100 combined with a low salt concentration resulted in lower protein extraction from the 
membrane pellet, but similar enzyme activity, arid eliminates the requirement for the 
desalting step. 

Extraction efficiency similar to that obtained with OTGP has been achieved using 2% 
Triton X- 100 in 50 mM phosphate buffer. A comparison of^soluble protein and specific 
activity in the two detergent systems is shown in Table 4. The enzyme stability is reduced 
in Triton with respect to OTGP, which is one remaining disadvantage of this new detergent 
system. However, the conditions would still give a workable time frame to purify the 
enzyme by multiple steps of chromatography. The continued purification scheme for the 
isomerase is DEAE chromatography, followed by chromatofocusing, as has been done for 
the isomerases described in Examples 5 and 9. 



TABLE 4 

Preparation of C. sporogenes 9,11 Isomerase Extracts with OTGP and Triton X-100 



Sample 


Enzyme Activity 
(*OD 234 ) 


Protein (mg/ml) 


Specific Activity 
(OD^/eOmin/mg) 


Crude Extract 


0.84 


7.6 


1.10 


45K Soluble 


0.12 


6.6 


0.18 


0.3% OTGP Soluble 


0.40 


3.3 


1.22 


2% Triton - 50 mM NaCI 


0.42 


2.8 


1.50 



*OD 234 was determined in an assay using 0.1 m! of enzyme extract 

A third nonionic detergent, octyl glucoside (OG) was tested for its ability to 
solubilize the C sporogenes linoleate isomerase. OG effectively solubilized the isomerase 
and the activity of the solubilized enzyme was stable. OG at 1.5% (2 x critical micelle 
concentration) produced an isomerase specific activity about 20% higher than that of OTGP 
solubilized isomerase. No precipitation was observed in the solubilized membrane protein 
sample after dialysis. 
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Method C 

While OG can be used to solubilize linoleate isomerase, this detergent is too 
expensive to use in large-scale isomerase purification. The protocol to solubilize linoleate 
isomerase was modified to initially solubilize isomerase with OG, and then keep the enzyme 
solubilized with OTGP during further purification. The membrane fraction was solubilized 
with 1 .5% OG in 50 mM potassium phosphate buffer, pH7.5. JDG solubilized proteins was 
dialyzed against 20 mM potassium phosphate buffer, pH 7.5, 10 mM NaCl, 2mM 
dithiothreitol and 0.3% OTGP. After centrifugation at 45,000 g for 30 minutes, the 
solubilized proteins were applied to a DEAE-5PW column, equilibrated with low salt buffer 
(20 mM bis-Tris, pH7.5, 10 mM NaCl, 0.3% OTGP, 1 mM dithiothreitol, 1 mM EDTA and 
1 ^iM pepstatin A) and eluted with a linear gradient of NaCl from 0 to 0.5 M at 16°C. 

The DEAE-5PW column chromatography achieved a 4-fold purification. Two 
distinct peaks of isomerase activity were revealed (Fig. 40). Peak II, which eluted at higher 
ionic strength, was observed in all previous DEAE chromatography experiments. Peak I, 
which was eluted at lower ionic strength (0.1 8M NaCl), was observed for the first time. 
Both peaks catalyzed isomerization of linoleic acid to cis9, transl 1-CLA, as determined by 
GC analysis of methyl ester products. Peak II was chosen for further purification. 

Active fractions (fraction 43-47) from DEAE peak II were pooled, concentrated and 
dialyzed against 25 mM bis-Tris, pH 7.1 containing 0.3% OTGP, and then loaded on a 
Mono-p chromatofocusing gel column. Elution was carried out with 100 ml of 10% 
polybuffer74, lowering the final pH to 3.5. The isomerase activity was retained on the 
column. Following completion of the polybuffer74 gradient, the isomerase activity was 
eluted with 1 M NaCl in 50 mM bis-Tris, pH 7.1 (Fig. 41). This chromatofocusing step 
achieved another 2 to 6 fold purification (Table 5). Examinations by SDS PAGE of the 
pooled chromatofocusing fractions with high isomerase-activity revealed two major protein 
bands. 
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TABLE 5 
Summary of Chromatofocusing 





A234 


fPl fma/mH 


Soecific Activitv 


Fold 


A/S* 


1.76 


0.97 


9 


1 


F73 


1.51 


0.35 


22 


2 


F74 


2.11 


0.66 


16 


2 


F75 


2.01 


0.26 


39 


4 


F76 


1.90 


0.18 


53 


6 


F77 


1.72 


0.26 


33 


4 


F78 


1.69 . 


0.21 


40 


4 


F79 


1.11 


0.29 


19 


2 


F80 


0.72 


0.18 


20 


2 


F82 


0.37 


0.07 


26 


2 



Total loading: A234=88 
Fractions: A235=75 
Recovering=85% 



*A/S: Applied Sample 
Method D . 

The pooled chromotofocusing fractions with high isomerase activity were further 
purified using gel filtration. This method separates the proteins by size. For isomerase 
purification, the gel filtration was carried out using a 1.6 x 55 cm Superdex-200 column. 
The elution buffer was composed of 100 mM K-phosphate, pH 7.5, containing 0.1-0.3 M 
NaCl, 013% OTGP, and 10% glycerol. Assay of isomerase activity in different fractions 
revealed a single peak of isomerase activity. SDS-PAGE analysis showed a single protein 
band after staining with Coomassie Blue of about 45 kD. 

The purification of the C sporogenes 9,1 1-linoleate isomerase is summarized in 
Table 1C. 
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TABLE 1C 

Clostridium sporogenes 



Step 


Protein 


Total Activity 


Specific Activity 


Yield 


Crude extract 


570 


653 


1.1 


100.0 


OG extract 


157 


470 


3.0 


72.0 


DEAE-5PW 


12 


132 


11.0 


20.2 


Chromatofocusing 


0.677 


64 


94.6 


9.8 


Gel-Filtration 


0.030 


10.5 


350.0 


1.6 



Protein in milligrams. Enzyme activity units are nanomoles CLA formed per minute. Specific activity 
is units per milligram protein. 



Example 18 

The following example describes the sequencing of the N-terminal amino acid 
sequence of the purified C. sporogenes integral membrane (cis, trans)-9, 11-linoleate 
isomerase. 

Clostridium isomerase was purified using multi-steps of the chromatography method 
(Example 17). This purified protein showed a single band of an approximate mass of 45 kD 
on SDS gel and was used for N-terminal sequencing. The first attempt to obtain N-terminal 
amino acid sequence suggested the protein was N-terminally blocked. It has been estimated 
that 40-70% of all proteins are N-terminally blocked either in the native form in the cell or 
as' a result of artificial events during protein extraction and purification. To limit the 
possibility of an artificial N-terminal block, a protein sample that did not go through the final 
step of gel filtration was used. This protein sample had a very high isomerase activity and 
contained predominantly a 45 kD protein by SDS PAGE analysis. After blotting onto a 
PVDF (polyvinylidene difluoride) membrane, the 45 kD band was excised and used for 
sequencing. A sequence of 21 amino acid residues was determined as follows: 

MFNLK NRNFL TLMDF TPXEI Q (SEQ ED NO:43) 

A protein having the sequence of SEQ ID NO:43 is referred to herein as PCLA 2! . It 
should be nated that since amino acid sequencing technology is not entirely error-free, SEQ 
ID NO:43 represents, at best, an apparent partial N-terminal amino acid sequence. 
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The sequence shows no significant homology to the linoleate isomerase cloned from 
L reuteri PYR8 (SEQ ID NO: 18), nor to the N-terminal sequences of 55 kD isomerase 
purified from P. acnes ATCC 6919 (SEQ ID NO:42) nor the putative 19 kD isomerase 
peptide purified from Butyrivibrio fibrisolvens (Park et al., 1996; see previous comments 
regarding Park et al. in Background section). The C. sporogenes isomerase N-terminal 
sequence was analyzed against sequences in the databases using Blastp program with 
standard settings. The sequence was found to share 57 to 75% identical amino acid sequences 
with the ornithine carbamoyltransferase isolated from 6 different organisms, including C. 
perfringens (gi 1321787). However, the Clostridium ornithine; carbamoyltransferase is a 
protein of 37-kD - much smaller than the C sporogenes, P acnes, or the L. reuteri linoleate 
isomerases. The Clostridium ornithine carbamoyltransferase shares no significant sequence 
homology with the linoleate isomerase peptide deduced from DNA sequence cloned from 
L. reuteri PYR8 or of the directly determined amino acid sequence of the PYR8 isomerase 
or to the N-terminal sequence of C. acnes isomerase. Therefore, the significance of the 
homology between the Clostridium linoleate isomerase and the enzyme involved in arginine 
metabolism is not clear. As discussed above with the P. acnes isomerase, comparison with 
the complete isomerase sequence will be necessary. 

The entire C sporogenes linoleate isomerase nucleic acid and amino acid sequence 
are currently being derived using standard methods in the art and as described for the P. 
acnes linoleate isomerase described in Example 13. Nucleic acid sequences encoding SEQ 
ID NO:43 can be deduced from the amino acid sequence by those of ordinary skill in the art. 
Isolated nucleic acid molecules comprising such nucleic acid sequences are encompassed by 
the present invention. 
Example 19 

The following example demonstrates the enzyme activity of the C. sporogenes 
linoleate isomerase. 

Similar kinetic data have been developed for L. reuteri (Example 4). In this 
experiment, all kinetic experiments were performed in a quartz cuvette (1 -cm light-path with 
a magnetic stirrer) at room temperature using "a HP 8452A diode array spectrophotometer. 
The cuvette was filled with 1 ml of incubation buffer containing 50 |ig protein, 0.1 M 
potassium phosphate, pH7.5, 10 mM NaCl and 10% 1,2-propane diol. The isomerization 
was initiated by adding a small aliquot (1-2^1) of freshly diluted substrate stock (-20 \iM 
linoleic acid) in 1,2-propane diol at 50 seconds. The increase in absorbence at 234 nm was 
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monitored and recorded. Fig. 43 shows a typical progress curve for the enzymatic catalyzed 
conversion of linoleic acid to CLA versus time. The amount of product formed was 
calculated based on a molar extinction coefficient of 24,000. 

Using partially purified enzyme (a mixture of DEAE active fractions), the following 
C. sporogenes linoleate isomerase kinetic parameters were characterized: substrate 
specificity, inhibitors of the enzyme activity, pH, cofactors, and the effect of various fatty 
acids and their derivatives on catalysis. 
pH dependence of the isomerization 

The effect of pH on the isomerase activity was determined using a series of potassium 
phosphate buffers (0.1M) at different pH values. A plot of isomerization versus pH for C. 
sporogenes linoleate isomerase is shown in Fig. 44. The optimum pH for isomerization is 
about pH 7.5, which was also the optimum for the L. reuteri PYR8 isomerase. Therefore, 
pH7.5 buffer was used for all kinetic analyses. 

TABLE 6 

Substrate specificity of the linoleate isomerase from Clostridium sporogenest 



RELATIVE 

SUBSTRATE ACTIVITY % 

(cis, cis)-9, 12- octadecadienoic acid (18:2) (linoleic acid) 100 

(cis, cis, cis)-9 f 12, 15 octadecatrienoic acid (18:3) (linolenic acid) 84 

(cis, cis, cis)-6, 9, 12-octadecatrienoic acid (18:3) (y-linolenic acid) 77 

(cis, cis, cis, cis)-6, 9, 12, 15 octadecatetraenoic acid (18:4) (stearidonic acid) 60 

(cis, cis)-1 1,14 eicosadienoic acid (20:2) 20 

(cis, cis, cis)-8, 11,14 eicosatrienoic acid (20:3) 0 

(cis, cis)-13, 16 docosadienoic acid (22:2) 0 

(cis, cis)-9, 12-octadecadien-1-ol (18:2) (linoleyl alcohol) 0 

(cis, cis)-linoleic acid methyl ester(1 8:2) (methyl linoleate) 0 

(cis, cis)-1 1,14 eicosadienoic acid methyl ester (20:2) 0 

(trans, trans)-9, 1 2- octadecadienoic acid (18:2) (linolelaidic acid) 0 

(cis)-9: 1 0-epoxyoctadecanoic (18:0) (epoxystearic acid; oleic acid oxide) 0 
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(cis)-13-docosaenoic acid (18:1) (erucic acid) 



0 



(cis)-9 octadecenoic acid (18:1) (oleic acid) 



0 



(cis)-9 hexadecenoic acid (16:1) (palmitoleic acid) 



0 



t Isomerase activity was determined with the individual substrate concentrations fixed at 10 PPM. 
The activity determined with linoleic acid (LA) alone is set as 100%. The data determined with 
other substrates are presented as relative activity (percent of the isomerase activity determined 
with linoleic acid as substrate). 

Substrate specificity 

The substrate specificity of C. sporogenes linoleate isomerase was studied using a 
number of unsaturated fatty acids and their esterified or alcoholized derivatives as substrate. 
Substrate specificity trends are summarized in Table 6. The isomerase shows a definite 
preference towards substrates containing "Z" double bonds at the 9, 12 position of CI 8 fatty 
acids. Compounds that possess additional double bonds are also good substrates, but the 
turnover rate decreased with increasing number of double bonds. Among the other dienoic 
acids tested (C18-C22), only (cis, cis)-ll, 14-eicosadienoic acid was isomerised. This 
suggests that the isomerase uses CI 8 and C20 unsaturated fatty acids having nine carbon 
atom after the first double-bond position. 

The isomerase was also incubated with linoleyl alcohol and methyl linoleate. As 
shown in Table 6, alcoholized linoleic acid and esterified linoleic acid do not serve as 
substrates. It is clear that the isomerase only uses compounds that contain a free carboxyl 
group. This is in agreement with the results obtained by Kepler and his co-workers with 
Butyrivibrio fibrisolvens isomerase and in our studies with the L. reuteri PLR8 and P. acnes 
6919 isomerases. 
Affinity to substrates 

Since the C. sporogenes linoleate isomerase showed a high specificity for "Z" double 
bond compounds with a chain length of 18 carbons, the affinity of the enzyme for similar 
compounds (linoleic acid, linolenic acid,r-linolenic acid and (cis, cis, cis, cis)-6,9,12,15 
octadecatetraenoic acid) was investigated. 

Kinetic analysis of the substrate concentration dependency of isomerization (Fig. 45) 
provided evidence that: 

* 1. The reaction velocity is strongly dependent on substrate 

concentration; and, 
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2. The substrate has an inhibitory effect at concentrations above 20, 40, 
15 and 120 \iM for linoleic acid, linolenic acid, r-linolenic acid and (cis, cis, cis, 
cis)-6, 9, 12, 15 octadecatetraenoic acid, respectively. 

Fig. 46 shows a Lineweaver-Burke plot of 1/v versus 1/[S]. Calculation from this plot 
yielded a Km of 1 1 .3 jaM and a maximal velocity (V max) of 350 \xmol CLA/min/mg protein 
for linoleic acid. The values of Km and Vmax determinated jising other CI 8 unsaturated 
fatty acids are shown in Table 7A. All of the substrates tested showed a normal 
Michaelis-Menten behavior over the range of concentrations tested. The Km value increased 
with increasing number of double bonds in substrates. The enzyme had similar Km values 
for the isomers with three double bonds: linolenic acid and r-linolenic acid. From a 
comparison of Km, linoleic acid is clearly the best substrate for the G sporogenes linoleate 
isomerase. 

Table 7A compares key kinetic parameters of linoleate isomerases from L. reuteri 
PYR8, and C sporogenes 23272, all isolated by the present inventors, and the B.fibrisolvens 
A-38 linoleate isomerase (Kepler and Tove, 1967, J. Biochem. 242:5686-5692). 

TABLE 7A 

Comparison of kinetic constants for linoleate isomerases from different organisms 



Organism 


Vmax (nmole/min/mg protein) 




Km 


(MM) 






LA* 


LnA* 


Y-LnA* 


A-LA' 


LA* 


LnA* 


Y-LnA* 


A-LA> 


C. sporogenes 27232 


350 


811 


236 


204 


11.3 


22.5 


23.8 


18.9 


L reuteri PYR8 


880 


ND 


ND 


ND 


8.1 


ND 


ND 


ND 


B. fibrisolvens A-38 T 


55 


130 


ND 


ND 


12.0 


23.0 


ND 


ND 



(cis, cis)-9, 12-octadecadienoic acid (18:2) (linoleic acid) 

t (cis, cis, cis)-9, 12, 15 octadecatrienoic acid (18:3) (linolenic acid) 

# (cis, cis, cis)-6, 9, 12-octadecatrienoic acid (18:3) (y-linolenic acid) 

/ (cis, cis, cis, cis)-6, 9, 12, 15 octadecatetraenoic acid (18:4) (stearidonic acid) 

t Kepler and Tove (1 967) J. Biol. Chem. 242:5686-5692 

U pmole CLA/min 

ND Not determined 

As seen in Table 7A, the kinetic data for the C sporogenes linoleate isomerase is 
qualitatively similar to other linoleate isomerases. However, the rates of isomerization are 
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much higher than those reported by Kepler for unpurified Butyrivibrio fibrisolvens isomerase 
(See Kepler and Tove, 1967, ibid.). 

Table 7B is a summary of the kinetic data and characterization of linoleate isomerases 
from P. acnes (crude extract prior to DEAE purification as in Example 11, except that the 
Vmax was determined using enzyme purified through the chromatofocusing step as in 
Example 1 1), jL reuteri (enzyme purified through the gel filtratipn step as in Example 3), and 
C. sporogenes (enzyme purified through the gel filtration step as in Example 1 7), all isolated 
by the present inventors, and the B. fibrisolvens A-38 linoleate isomerase (crude extract; 
Kepler and Tove, 1967, 7. Biochem. 242:5686-5692). The substrate in these experiments 
was linoleic acid. 



TABLE 7B 
Linoleate Isomerase Characterization 



Organism 


CLA Isomer 1 


Optimal pH 


Km (pM) 


Vmax 
(nmol/min/mg) 


Enzyme 
Solubility 2 . 


P. acnes 


10,12 


7.3 


17.2 4 


478 s 


S 


L. reuteri 


9,11 


7.5 


8.1 s 


880 s 


M 


C. sporogenes 


9,11 


7.5 


11.3 5 


350 5 


M 


B. fibrisolvens 3 


9,11 


7.2 


12.4 4 


55 4 


M 



1 CLA isomer produced. 10,12 = t10, C12-CLA; 9,1 1 = c9, t1 1-CLA 

2 Enzyme solubility. S = soluble; M = integral membrane protein 

3 ' Kepler & Tove 1969 = Kepler, Carol R., and S.B. Tove. 1969. Linoleate A 12 -c/s, & u trans- 

isomerase. Methods Enzymol. 14:105-1 10. 

4 Crude extract 

5 Purified enzyme 

Effect of cofactors on isomerase activity 

Two substrates, linoleic acid (LA) and (cis, cis, cis, cis)-6, 9, 12, -15 
octadecatetraenoic acid (tetra LA), were used to test the effect of cofactors. The reaction 
mixtures contained 10 PPM (LA) or 20 PPM (tetra LA) substrate, and one or more of the 
following cofactors or additions: 1 mM DTT, 50 jiM ATP, ADP, NAD, NADH, NADPH 
and CoA. As seen in Table 8 and Table 9, none of the cofactors or additions has a strong 
effect on the isomerase activity, suggesting the isomerization does not require the addition 
of external cofactors or energy. 
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TABLE 8 



Effect of cofactors on the isomerization of linoleic acid by the 
linoleate isomerase from C. sporogenes 23272 



Cofactor 

None 

ATP 

ADP 

NAD 

NADH 

NADPH 

DTT 



Activity 



(nmol/min) 



10.6±2.3 
11.111.4 
11.111.7 
10.811.3 
10.5+1.0 
11.1+1.5 
12.8+3.8 



(%) 



100 
105 
105 
102 
99 
105 
121 



TABLE 9 

Effect of cofactors on the isomerization of 
(cis, cis, cis, cis)-6, 9, 12, 15 octadecatetraenoic acid 



Cofactor Activity 





(nmol/min) 


(%) 


None 


6.2 


100 


CoA 


6.5 


105 


ATP 


6.1 


98 


ADP 


5.7 


92 


NAD 


5.6 


90 


NADH 


6.4 


103 


NADPH 


6.3 


102 


DTT 


5.9 


95 


DTT+ATP 


6.2 


100 
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Effect of fattv acids and their derivatives on linoleic acid isomerization 

The effect of fatty acids and their derivatives was investigated. The concentration 
of fatty acids was fixed at 35^M. Table 10 shows the summary of the data. The results 
demonstrated that: 

1 . The saturated fatty acids tested apparently do not affect activity of the C. 
sporogenes linoleate isomerase; * 

2. Isomerase activity is strongly inhibited by all of the unsaturated fatty acids 
studied; and, 

3 . Ester derivatives of linoleic acid carboxyl group, methyl linoleate and linoleyl 
alcohol are also inhibitors of the C. sporogenes linoleate isomerase. 

TABLE 10 

Effect of fatty acids and derivatives on the isomerization of 
linoleic acid 3 catalyzed by C. sporogenes linoleate isomerase 



ADDITION 6 RELATIVE 

ACTIVITY C (%) 

none 100 
octadecanoic acid (1 8:0) (stearic acid) 1 07 
hexadecanoic acid (1 6:0) (palmitic acid) 93 
(cis, cis)-9, 12-octadecadien-1-ol (18:2) (linoleyl alcohol) 81 
(cis, cis)-linoleic acid methyl ester (1 8:2) (methyl linoleate) 69 
' (cis)-9-hexadecenoic acid (16:1) (palmitoleic acid) 27 
(cis)-9-octadecenoic acid (18:1) (oleic acid) 25 
(trans, trans)-9, 12-octadecadienoic acid (18:2) (linolelaidic acid) 19 
(cis, cis) -1 1 , 14 ecosadienoic acid (20:2) 0 



a the reaction mixture contained 35|jM substrate (LA), 50 mg partially purified protein, 1 00 mM 

potassium phosphate buffer, pH 7.5, 10%, 1,2 propane diol and 10 mM NaCI 
b compounds were added to the reaction mixture at a concentration of 35pM 
c the activity determined with linoleic acid (LA) alone is set as 1 00%. The effect of addition of 
specific compounds on isomerase activity is presented as relative activity (percent of the 
isomerase activity determined with linoleic acid as substrate). 

Inhibitory effect of oleic acid and palmitoleic acid 

The inhibitory effect of oleic acid and palmitoleic acid was further characterized: 
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1 . Both C18 and CI 6 unsaturated fatty acids containing a cis double bound at 
the 9 carbon (counting from carboxyl end) inhibited isomerization of linoleic acid; 

2. The isomerase activity was dramatically reduced with increasing 
concentration of oleic acid (Fig. 47); in the presence of 70^M oleic acid (20 PPM), the 
isomerase activity was almost completely lost; and, 

3. The inhibition constants (Ki) for oleic acid andpalmitoleic acid, calculated 
from secondary plots (1/vVs [S]), are 23.8 and 33.1 \iM y respectively (Figs. 48 and 49). 

Kepler and Tove and co-workers reported that oleic acid competitively inhibited 
isomerization of linoleic acid to CLA (Kepler and Tove, 1967, ibid.). To determine whether 
oleic acid is a competitive inhibitor of the C. sporogenes linoleate isomerase, the inhibitory 
effect of oleic acid was further investigated using Lineweaver-Burke (1/V versus 1/[S]) and 
Hanes-Woolf ([S]/V versus [S]) plots. The kinetic analyses were performed in the presence 
of 0, 24 and 48 ^iM oleic acid with varied concentration of linoleic acid. Parallel lines in a 
Lineweaver-Burke plot (Fig. 50) and a common intercept in the Hanes-Woolf plot (Fig. 5 1 ) 
were obtained. These data are consistent with oleic acid being an uncompetitive inhibitor 
of the C. sporogenes linoleate isomerase. Similar results were obtained with the I. reuteri 
PYR8 (cis, trans)-9, 11 -linoleate isomerase. These results contrast with the competitive 
inhibition by oleic acid reported for the B.fibrisolvens (cis, trans)-9, 1 1 -linoleate isomerase. 

Example 20 

The following example describes the optimization of growth conditions forZ. reuteri 

PYR8. 

Fermentation work was concentrated on the optimization of growth conditions for 
L. reuteri PYR8. A fermentation medium that could consistently support cell growth well 
and isomerase production, thus eliminating the variability previously observed was pursued. 

Working with MRS medium, it was determined that the linoleate isomerase activity 
was variable, mainly due to the medium composition and sterilization procedures that had 
some effect on cell growth. The number of inoculum stages and the inoculum size did not 
affect final cell concentration. Mixed versus static growth, suspected to affect the gas 
balance in the medium, did not appear to be a significant variable. Given the medium 
richness, toxic concentrations of some compounds were suspected as a possible reason for 
the variability. However, it was determined that different dilutions of MRS resulted in 
proportional lower cell densities (data not shown) indicating a nutritional limitation in the 
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medium. Additionally, high variability was observed when using two batches of the same 
medium. 

Experiments performed in one and ten-liter fermentors indicated that a different 
medium (AV) with composition similar to MRS, but with higher yeast extract, peptone and 
acetate concentration, and without beef extract, gave consistently better results in fermentors 
than MRS with respect to both cell growth and isomerase activity. We adopted this medium 
as our base medium for further work. Its composition is shown in Table 11. 

TABLE 11 
Composition of AV Medium 



Component Concentration 

Yeast Extract 10 g/l 

Proteose Peptone #3 (Difco) 20 g/l 

Sodium Acetate 1 0 g/l 

Glucose 20 g/l 

Tween 80 1 ml/l 

MgS04 0.028 g/l 

MnS04.2H20 0.012 g/l 

FeS04.7H20 0.0034 g/l 

Vitamin Mixture 10 ml/1 



The vitamin mixture contained riboflavin, pantothenic acid, pyridoxal, nicotinic acid, 
folic acid, choline chloride, biotin and thiamine. 

A full factorial experiment was run in bottles, dividing this medium into seven 
categories (yeast extract, peptone, acetate, glucose, Tween 80, salts and vitamins), and 
studying the impact of two concentrations of the components in each category as follows: 
2.5 and 10 g/l yeast extract, 10 and 20 g/l 1 peptone, 10 and 20 g/l glucose, 5 and 10 g/l 
acetate, 0.5 and 1 ml/1 Tween 80, 0.5X and IX salts concentration and no addition vs. 
addition of vitamins. This study demonstrated clearly that yeast extract concentration had 
the most significant impact on growth, followed by glucose and the combined effect of 
glucose and yeast extract. Peptone effect was marginal and the other components did not 
affect growth. The concentration of Tween 80 seemed to affect isomerase activity, as 
measured by conversion of linoleic acid to CLA. 
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Difco yeast extract was successfully replaced by KAT yeast extract, and several 
industrial type nitrogen sources were tested as replacements for Peptone #3. These are 
summarized in Table 12. 

TABLE 12 

Nitrogen Sources Evaluated as Medium Components 
Nitrogen Source Name Type Manufacturer 



N-Z- Amine A 


Enzyme Hydrolysate of Casein 


Quest 


N-Z- Amine YT 


Enzyme Hydrolysate of Casein 


Quest 


Pepticase 


Enzyme Hydrolysate of Casein 


Quest 


Amicase 


Acid Hydrolysate of Casein 


Quest 


Edamin K 


Enzyme Hydrolysate of Lactalbumin 


Quest 


Amisoy 


Acid Hydrolysate of Soy 


Quest 


Hy-soy 


Enzyme Hydrolysate of Soy 


Quest 


Primatone RL 


Enzyme Hydrolysate of Meat 


Quest 


Primatone HS 


Enzyme Hydrolysate of Meat 


Quest 


Primagen 


Enzyme Hydrolysate of Animal Tissue 


Quest 


Pancase - 


Pancreatic Digest of Casein 


Red Star 


Amberferm 2000 


Proteolyzed Dairy Protein 


Red Star 


Amberferm 2234 


Proteolyzed Dairy Protein 


Red Star 


Amberferm 4000 


Acid Hydrolyzed Vegetable Protein 


Red Star 


Amberferm 4002 


Acid Hydrolyzed Vegetable Protein Blend 


Red Star 


Amberferm 401 5G 


Enzyme Hydrolyzed Soy Protein 


Red Star 


Amberferm 4016 


Enzyme Hydrolyzed Soy 


Red Star 


Whey Protein Concentrate 


Corn Steep Liquor 


Roquette 


Nutrisoy Soy Flour 


Hydrolyze in the Lab with Neutrase 


ADM 


Nutrisoy Soy Flour with Added Oils 


Hydrolyze in the Lab with Neutrase 


ADM 


Pharmamedia 


Cottonseed Flour 


Traders 



Most of these nitrogen sources supported growth of L. r^euteri PYR8, but isomerase 
activity was not always detected. The most promising ones, N-Z- Amine A, Amberferm 
2234, Amberferm 40 1 5, Amisoy and Hy-Soy were further tested in fermentors. Hy-soy was 
determined not just to be a good replacement for peptone, but to actually improve growth 
over peptone. 
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Lactose, fructose and galactose were compared to glucose as possible carbon sources. 
The organism did not grow on fructose and lactose, and galactose did not offer any 
advantage over glucose. 

Fermentations performed with peptone and increasing levels of yeast extract up to 
20 g/1 indicated that yeast extract concentrations above 10 g/1 were still beneficial. Further 
optimization proceeded with a full factorial experiment in fermentors where the effects two 
levels of yeast extract (20 and 30 g/1) , Hy-Soy (10 and 20 g/1) and glucose (20 and 30 g/1) 
were compared. pH control at 4.8 was adopted to avoid low pH inhibition due to the higher 
acid production from the higher glucose concentrations. The growth results from these 
fermentations showed that even though there was not a statistically significant difference 
between conditions, higher yeast extract fermentors resulted in slightly higher optical density 
(data not shown). The culture in the medium with high level of the three components grew 
faster and reached a higher cell density. 

The medium with 30 g/1 yeast extract, 10 g/1 Hy-Soy and 30 g/1 glucose was chosen 
for further optimizations steps. 

The effects of growth temperature and Tween 80 concentration were studied. 
Fermentations were performed at 11 and 1.5 ml/1 Tween 80 and 37°C, 40°C and 43°C. 
Medium with Hy-Soy at 20 g/1 was also compared at 37°C and 43°C. The growth and 
conversion results indicated clearly that higher temperatures were beneficial for growth and 
isomerase activity (data not shown). The increase in Tween 80 concentration did not seem 
to impact linoleic acid conversion significantly, although a higher conversion rate was 
observed at 43 °C with higher Tween 80 concentration. 

A temperature of 40°C was adopted as the preferred growth temperature and the 
medium containing 30 g/1 yeast extract, 10 g/1 Hy-Soy, 30 g/1 glucose and 1.5 ml/1 Tween, 
as the new base medium. In another set of fermentations, the reproducibility of the process 
was tested in triplicate fermentors. Higher concentrations of yeast extract, Hy-Soy and 
glucose were also compared at 40°C The results showed that-good reproducibility can be 
obtained with this medium and growing conditions, with respect to final cell density and 
isomerase activity (data not shown). Further increases in the concentrations of the main 
components favored cell growth. An optical density above 10 units was obtained with 40 
g/1 yeast extract, 20 g/1 Hy-Soy and 40 g/1 glucose. The specific enzyme activity and activity 
per cell was similar under all these different conditions. Therefore, an increase in cell 
density resulted in increased isomerase activity. 
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The medium with 30 g/l yeast extract, 10 g/1 Hy-Soy and 30 g/1 glucose plus the 
additional components of the AV medium described above, resulted in cell densities 
(measured by OD and DCW) twice as high as those obtained with MRS, and a much more 
reliable performance. With these conditions, the fermentation performed consistently better 
in fermentors than in static bottles. The cultures were harvested at 24 and 30 hours to 
determine isomerase activity as a function of culture age. No^difference was found in the 
rate of conversion of linoleic acid to CLA between cells of different age for any of the media 
tested. The shorter fermentation time is due to the faster growth in this medium and at the 
higher temperature. At 24 hours, the culture had already reached stationary phase. 

Several substances were tested as possible inducers of the 9,1 1 linoleate isomerase. 
The materials tested included: lauric acid, myristic acid, palmitic acid, palmitoleic acid, oleic 
acid, linoleic acid, linolenic acid, oleic acid stearyl ester, linoleyl alcohol, linoleic acid 
methyl ester, linoleic acid ethyl ester, stearic acid and linoleic acid methyl ester. They were 
added to the growth medium at a 100 mg/1 level. No positive effect was found with any of 
the compounds, and some of them were detrimental to the expression and/or activity of the 
isomerase. The determination of the existence of a positive effect may be obscured by the 
required presence of Tween 80, which may be an inducer in itself, but which cannot be 
eliminated because it is required for growth. 
Example 21 

The following example describes the determination of conditions to improve enzyme 
stability and performance and on testing the limitations of the biotransformation process. 
Whole cells of L. reuteri PYR8 were used in all biotransformation experiments described 
below. 

One aspect of the preservation of the enzyme activity is the handling of the cells 
immediately after harvesting and the determination of suitable storage conditions. The 
preservation of activity in cells maintained in different buffers was investigated, and it was 
determined that reduced buffers such as TKM/EDTA/NaCl (50 mM Tris.HCl, 25 mM KC1, 
5 mM MgCl 2 , 1 .25 mM EDTA, 0.1 mM NaCl, pH 7.5) with 20 mM cysteine or 20 mM DTT 
preserved isomerase activity much better than other buffers or culture medium. Cells 
maintained in 100 mM Bis-Tris pH 5.8 with 10 mM NaCl, 10% glycerol and 2 mM DTT 
(breakage buffer) did not lose any activity in 48 hours. It was also determined that the 
biotransformation rate measured in this buffer was very similar to that measured in the 
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culture medium (MRS) which had been used as the preferred medium to perform the 
reaction. 

Isomerase activity could also be preserved by freezing the cell paste. The cell paste 
was frozen immediately after harvesting with and without washing with either MRS or 
breakage buffer. No differences were observed. Some interesting results were also obtained 
when the cells were directly preserved in the culture broth wUh or without harvesting. A 
comparison was made between activity in cells immediately after harvest, cells that were 
harvested and maintained as a cell paste (no washing) at 4*C for 24 hours, cells that were 
kept without harvesting in the culture broth at 4"C for 24 hours, and cells from culture broth 
that were kept at room temperature for 24 hours. The conversion of linoleic acid to CLA was 
very similar in every case, with only a slight decrease observed in those cells that had been 
maintained at room temperature for a day. 

In another experiment, the isomerase activity was followed in cells that were handled 
in different ways after harvesting. Cells were resuspended in either MRS, breakage buffer 
or culture supernatant (pH adjusted to 5.8). Isomerase activity, compared as conversion of 
1 000 ppm linoleic acid, was measured in the cells immediately after harvesting, after being 
held for 24 hours at 4°C and after a four hour period at 22°C followed by 20 hours at 4°C. 
The results from these different experiments indicated that the enzyme activity is better 
preserved when the cells are maintained under strictly non-growing conditions (data not 
shown). In several repeat experiments, cells resuspended in MRS gave more variable results 
than cells resuspended in breakage buffer. When cells in MRS were kept at room 
temperature, the deterioration was even more marked. Breakage buffer was selected as the 
medium of choice to perform the biotransformation because of the better enzyme stability. 
Cells can also be preserved prior to harvesting in the culture broth at the low pH reached at 
the end of the fermentation. 

Another aspect of the biotransformation investigated was the possible presence of 
mass transfer limitations between the oil, the water phase and the membrane bound enzyme. 
Experiments were done using different methods of addition of the linoleic acid and 
performing the isomerization reaction in stirred jars at different agitation rates. 

Linoleic acid was added as 99% LA, dissolved in propyleneglycol (100 mg/ml 
solution) or emulsified with 0.5, 5 or 30% lecithin. The emulsion was prepared by blending 
the linoleic acid and the lecithin with the reaction medium before the addition of the cells. 
Linoleic acid was added at 1000 and 2000 ppm. The results indicated that there was no 
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significant difference between adding the pure acid or the propyleneglycol solution, and that 
the reaction was slightly faster with both than when the acid was emulsified with lecithin 
(data not shown). High levels of lecithin seemed to negatively affect the final conversion. 

Two biotransformation reactions were performed in stirred jars with 300 ml of 
reaction medium. Cells were concentrated 10-fold with respect to the original culture 
density. The reaction was run between 6°C and 8°C, in MRS^and linoleic acid was added 
dissolved in propyleneglycol. 1 000 ppm were added at time 0 and another 1 000 ppm at two 
hours. Agitation was kept at 200 rprri in one reactor and 1000 rpm in the other. Results 
showed that no significant difference was found between the two conditions. These 
experiments indicated that mass transfer limitations are not a major problem when working 
with this enzyme. 

The effect of substrate and product on the enzyme performance was also investigated, 
as well as the possibility of recycling the cells. The effect of CLA on the reaction was 
studied by adding different concentrations of either a mixture of isomers (Sigma material, 
approximately 41% 9,1 1 isomer and 48% 10,12 CLA), or just 9,1 1 CLA (Matreya material, 
approximately 77% 9,1 1 CLA). Concentrations from 500 to 3000 ppm were tested. Some 
experiments were also performed recycling the broth from a previous biotransformation 
reaction with L. reuteri PYR8, resulting in an initial CLA concentration around 700 ppm. 
In every case, 1000 ppm linoleic acid were added. With both the Sigma and the Matreya 
CLA, the reaction was completely inhibited even at the lowest concentration tested, and 
linoleic acid and CLA remained constant over the four-hour period that the reaction was 
followed. In the same period, almost complete conversion of the linoleic acid was obtained 
in the control without exogenous CLA. However, the effect was not detected when the CLA 
present came from recycled reaction broth. In this case, there was no difference in 
conversion rate between no CLA presence and 700 ppm. The results may indicate that some 
of the impurities present in the chemically produced CLA may be stronger coinhibitors of 
the 9,1 1 isomerase than the product itself . 

Three separate experiments wereiperformed where the cells were recycled after a first 
biotransformation step. In the first experiment, a biotransformation step with 1000 ppm 
linoleic acid was completed in three hours in both MRS and breakage buffer. 98-99% of the 
linoleic acid was isomerized to 9,11 CLA. Cells were recovered by centrifugation, 
resuspended* in the same medium, 1000 ppm linoleic acid were added, and the reaction 
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proceeded for another three hours. Very good conversions were obtained in every case (data 
not shown). 

In the second experiment, cell recycle was studied with cells that have performed the 
biotransformation at different levels of linoleic acid. Cells were harvested, resuspended in 
breakage buffer at a 1 0-fold concentration, and linoleic acid was added at 1 000, 1 500, 2000, 
2500 and 3000 ppm level. Given the higher linoleic acid concentration, the reaction was 
allowed to proceed for six hours. At that time, the cells were recovered by centrifugation, 
washed with buffer to remove (at least partially) non reacted linoleic acid and CLA, and to 
place all the cells under comparable conditions. 1000 ppm linoleic acid were added and the 
reaction was followed for four hours. The conversions and CLA concentrations obtained 
during the first stage indicated that with cells with good activity, no substrate inhibition was 
detected up to 3000 ppm linoleic acid. The reactions at higher linoleic acid did not reach 
completion in seven hours, but the rate of formation of CLA was very similar at the different 
substrate concentrations. However, when the cells were recycled and supplied with linoleic 
acid in a second stage, the reaction did not take place and isomerase activity was not detected 
in any of the cells, regardless of the linoleic acid level to which they had been exposed. Cells 
from the same lot that were not exposed to linoleic acid maintained full activity after 24 
hours. 

These results prompted the need to investigate the length of exposure to the reaction 
mix in relation to the loss of activity observed. Since it was clear that the activity was not 
lost in cells which had not performed the reaction, either the substrate, or more likely the 
product, might interact with the enzyme and affect its activity. 

In the third recycle experiment, cells were concentrated as usual and the reaction was 
started at 2000 ppm. Aliquots were taken while the reaction proceeded, every two hours up 
to eight hours with one final sample at 25 hours. The cells from each aliquot were recovered 
by centrifugation and resuspended in buffer. 1000 ppm linoleic acid was added. The 
reaction was then followed for three hours. The results clearly indicated that the activity was 
slowly being lost in the cells. The reaction slowed down over time in the first stage and the 
activity was not recovered when the cells were placed in fresh reaction medium. While cells 
recycled after two hours had very good activity and could quickly transform the 1 000 ppm 
linoleic acid to CLA, cells recycled after eight hours had no activity. Once again, full 
activity was preserved in the control (no reaction) after 25 hours. 
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This experiment provided a clear demonstration that the enzyme is either inactivated 
or becomes inaccessible to the substrate during the reaction. The reason is not clear, but an 
interaction with the product is suggested, as the activity seems to be lost as the product 
accumulates. It is not clear at this time the nature of this interaction or if it is directly related 
to the enzyme or the physical conditions of the cells. Studies will be required with 
immobilized enzyme to better understand this effect. j 
Example 22 

The following example describes a preferred biotransformation protocol. 

Cells of Lactobacillus reuteri (or another organism carrying the linoleate isomerase 
gene) are grown in modified AV medium with 40 g/l yeast extract, 20 g/l Hy-soy and 40 g/l 
glucose (or other appropriate medium for other organisms) to a cell density of about 3-4 g/l 
dry cell weight. When the cells reach stationary phase, they are harvested and resuspended 
in breakage buffer at a concentration between 5 and 20 g dry cell weight per liter. The 
biotransformation reaction should be preferably carried out at a temperature between 4°C and 
8°C to maintain the enzyme activity. The linoleic acid can be added as a 99% oil, as a 
component of another oil, as an oil phase, or dissolved in a cosolvent such as propylene 
glycol. It can be added at concentrations between 0.5 and 4 g/l. The addition should 
preferably be done in several steps of smaller amounts. To obtain higher CLA 
concentrations, it is also possible to add the cells in successive steps while the reaction 
proceeds. Under these conditions, and at these linoleic acid concentrations, conversion of 
linoleic acid to CLA between 80% and 100% is expected within 2 to 8 hours. 
Example 23 

The following example describes the biotransformation of linoleic acid to 1 0, 1 2 CLA 
with P. acnes whole cells. 

The objective of these studies was to begin the characterization of the behavior of the 
10,12 linoleic acid isomerase and to determine the conditions to enhance its performance. 

P. acnes is a strict anaerobe for which growth in the medium currently used is very 
poor. Some previous experiments suggested that P. acnes was able to further metabolize 
10,12 CLA. The new experiments also indicated this to be the case, but it seems to be a slow 
process which may depend on the conditions of the reaction. It must be noted that with the 
current cell concentration achieved in the culture, and the same byconversion protocol used 
in the production of the 9,1 1 CLA isomer (10-fold concentration of the cells, resuspension 
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in buffer, addition of linoleic acid dissolved in propyl eneglycol), the reaction proceeds at a 
much lower rate than that of the 9,1 1 isomerase, and much lower conversions are achieved. 

The reaction was compared in culture medium vs. breakage buffer, at different 
temperatures and in the presence and absence of air. Temperature had a strong effect on the 
reaction rate. The reaction proceed very slowly at 4°C and the rate increased with 
temperature, from room temperature to 37°C. No significant difference in conversion was 
found between the use of growth medium or a buffer, or the presence or absence of oxygen 
during the time frame allowed for the reaction to proceed (30 hours) (data not shown). 

Further experiments with different cell and substrate concentrations had shown an 
apparent decrease in the CLA concentration when the reaction proceeded more than 48 
hours, while the formation of CLA from linoleic acid seemed to stop at that time. 

Those skilled in the art will appreciate that numerous changes and modifications may 
be made to the preferred embodiments of the invention and that such changes and 
modifications may be made without departing from the spirit of the invention. It is therefore 
intended that the appended claims cover all such equivalent variations as fall within the true 
spirit and scope of the invention. 
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